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PURPOSE: To realize a single-mode semiconductor laser device with a 
flat surface easily and surely by forming to make the refractive index of an 
active layer larger than that of a first semiconductive layer and the 
refractive index of a second semiconductive layer larger than that of a 
third semiconductive layer. 

CONSTITUTION: A buffer layer 2A, a clad layer 3A, and an active layer 4A 
are built, in this order, one on top of the other on a semiconductor 
substrate 1A. On the active layer 4A, an optical guide 5 A as a first 
semiconductive layer, an optical guide layer 6A as a second 
semiconductive layer, and a clad layer 7A as a third semiconductive layer 
are built and formed in this order. A contact layer 8A is formed on the 
clad layer 7A. At this time, it is so formed that the refractive index of the 
active layer 4A is made larger than that of the optical guide layer 5A, and 
the refractive index of the optical guide layer 6A is made larger than that 
of the clad layer 7A. This enables a flat single-mode semiconductor laser 
device to be realized easily and surely. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Ctaim 1] a refractive index — nX The 1st semi-conductor layer of one conductivity type whose refractive index is nYl is 
formed above a barrier layer, it is — In contact with the 1st semi-conductor layer, the 2nd semi-conductor layer of one 
conductivity type whose refractive index is nY2 is formed in the shape of a stripe, said 1st semi-conductor layer top — 
this — In contact with the 1st semi-conductor layer and the 2nd semi-conductor layer, the 3rd semi-conductor layer of 
one conductivity type whose refractive index is nY3 is formed, a said 1st semi-conductor layer and 2nd semi-conductor 
layer top — this — Said barrier layer, the 1st semi-conductor layer, the 2nd semi-conductor layer, and the 3rd semi- 
conductor layer The interfecial resistance between the 1st semi-conductor layer and the 3rd semi-conductor layer 
becomes larger than any of the interfacial resistance between the 1st semi-conductor layer and the 2nd semi-conductor 
layer, and the interfacial resistance between the 2nd semi-conductor layer and the 3rd semi-conductor layer. Refractive 
index nX of a barrier layer Semiconductor laser equipment characterized by being formed so that it may be larger than the 
refractive index nVI of the 1st semi-conductor layer and the refractive index nY2 of the 2nd semi-conductor layer may 
become larger than the refractive index nY3 of the 3rd semi-conductor layer. 

[Claim 2] Semiconductor laser equipment according to claim 1 characterized by forming the oxide film in the surface layer 
of the field which is in contact with said 3rd semi-conductor layer in said 1st semi-conductor layer. 

[Claim 3] The 1st lightguide layer of one conductivity type which consists of Gal-YIAIYIAs is formed in the upper part of 
a ban^ier layer which consists of Gal-X AIX As. The 2nd lightguide layer of one conductivity type which consists of Gal- 
Y2AIY2AS in contact with the 1st lightguide layer is formed in the shape of a stripe, said 1st lightguide layer top — this — 
The cladding layer of one conductivity type which consists of Ga1-Y3AIY3As in contact with the 1st lightguide layer and 
the 2nd lightguide layer is formed, a said 1st lightguide layer and 2nd lightguide layer top — this — Said barrier layer, the 
1st lightguide layer, the 2nd lightguide layer, and a cladding layer The interfacial resistance between the 1st lightguide layer 
and a cladding layer becomes larger than any of the interfacial resistance between the 1st lightguide layer and the 2nd 
lightguide layer, and the interfacial resistance between the 2nd lightguide layer and a cladding layer. Semiconductor laser 
equipment characterized by being formed so that the relation of Y3>Y2 and Y1>X>=0 may be materialized among X, Y1. Y2, 
and Y3 of each mixed-crystal ratio. 

[Claim 4] Said 2nd lightguide layer is semiconductor laser equipment according to claim 3 characterized by the transparent 
thing to the wavelength of the laser beam oscillated by said barrier layer. 

[Claim 5] Said barrier layer and the 2nd lightguide layer are semiconductor laser equipment according to claim 4 
characterized by being formed so that the relation of Y2>X may be materialized among X and Y2 of each mixed-crystal 
ratio. 

[Claim 6] Said barrier layer and the 2nd lightguide layer are semiconductor laser equipment according to claim 4 
characterized by being formed so that it may become the thickness to which the relation of X>=Y 2>=0 is materialized 
among X and Y2 of each mixed-crystal ratio, and the 2nd lightguide layer does the quantum effectiveness so. 
[Claim 7] Semiconductor laser equipment according to claim 3 characterized by forming the oxide film in the surface layer 
of the field which is in contact with said cladding layer in said 1st lightguide layer. 

[Claim 8] Said 2nd lightguide layer is semiconductor laser equipment according to claim 7 characterized by the transparent 
thing to the wavelength of the laser beam oscillated by said barrier layer. 

[Claim 9] Said barrier layer and the 2nd lightguide layer are semiconductor laser equipment according to claim 8 
characterized by being formed so that the relation of Y2>X may be materialized among X and Y2 of each mixed-crystal 
ratio. 

[Claim 10] Said barrier layer and the 2nd lightguide layer are semiconductor laser equipment according to claim 8 
characterized by being formed so that it may become the thickness to which the relation of X>=Y 2>=0 is materialized 
among X and Y2 of each mixed-crystal ratio, and the 2nd lightguide layer does the quantum effectiveness so. 
[Claim 1 1] The 1st lightguide layer of one conductivity type which consists of Ga1-Y1AIY1As is formed above the barrier 
layer which has quantum well structure. The 2nd lightguide layer of one conductivity type which consists of Gal- 
Y2AIY2AS in contact with the 1st lightguide layer is formed in the shape of a stripe, said 1st lightguide layer top — this — 
The cladding layer of one conductivity type which consists of Ga1-Y3AIY3As in contact with the 1st lightguide layer and 
the 2nd lightguide layer is formed, a said 1st lightguide layer and 2nd lightguide layer top — this — Said barrier layer, the 
1st lightguide layer, the 2nd lightguide layer, and a cladding layer The interfacial resistance between the 1st lightguide layer 
and a cladding layer becomes larger than any of the interfacial resistance between the 1st lightguide layer and the 2nd 
lightguide layer, and the interfacial resistance between the 2nd lightguide layer and a cladding layer. Semiconductor laser 
equipment characterized by being formed so that the relation of Y3>Y2 may be materialized among Y2 and Y3 of each 
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mixed-crystal ratio of the 2nd lightguide layer and a cladding layer. 

[Claim 1 2] Said 2nd lightguide layer is semiconductor laser equipment according to claim 1 1 characterized by the 
transparent thing to the wavelength of the laser beam oscillated by said barrier layer. 

[Claim 1 3] Said 2nd lightguide layer is semiconductor laser equipment according to claim 12 characterized by being formed 
so that the forbidden-band width efface may become the magnitude which does not absorb the wavelength of the laser 
beam oscillated by said barrier layer. 

[Claim 14] said 2nd lightguide layer — this — the semiconductor laser equipment according to claim 12 characterized by 
being formed so that the 2nd lightguide layer may become the thickness which does the quantum effectiveness so. 
[Claim 1 5] Semiconductor laser equipment according to claim 1 1 characterized by forming the oxide film in the surface 
layer of the field which is in contact with said cladding layer in said 1st lightguide layer. 

[Claim 16] Said 2nd lightguide layer is semiconductor laser equipment according to claim 15 characterized by the 
transparent thing to the wavelength of the laser beam oscillated by said barrier layer. 

[Claim 1 7] Said 2nd lightguide layer is semiconductor laser equipment according to claim 16 characterized by being formed 
so that the forbidden-band width efface may become the magnitude which does not absorb the wavelength of the laser 
beam oscillated by said barrier layer. 

[Claim 18] said 2nd lightguide layer — this — the semiconductor laser equipment according to claim 16 characterized by 
being formed so that the 2nd lightguide layer may become the thickness which does the quantum effectiveness so. 
[Claim 1 9] The 1st lightguide layer of one conductivity type which consists of AIGaN is formed in the upper part of a 
barrier layer which consists of InX1Ga1-X1N. The 2nd lightguide layer of one conductivity type which consists of 
InX2Ga1-X2N in contact with the 1st lightguide layer is formed in the shape of a stripe, this — a 1st lightguide layer top - 
- this — The cladding layer of one conductivity type which consists of AIGaN in contact with the 1st lightguide layer and 
the 2nd lightguide layer is formed, a said 1st lightguide layer and 2nd lightguide layer top — this — Said barrier layer, the 
1st lightguide layer, the 2nd lightguide layer, and a cladding layer Semiconductor laser equipment characterized by being 
formed so that the interfacial resistance between the 1st lightguide layer and a cladding layer may become larger than any 
of the interfecial resistance between the 1st lightguide layer and the 2nd lightguide layer, and the interfacial resistance 
between the 2nd lightguide layer and a cladding layer. 

[Claim 20] Said 2nd lightguide layer is semiconductor laser equipment according to claim 19 characterized by the 
transparent thing to the wavelength of the laser beam oscillated by said barrier layer. 

[Claim 21] Said barrier layer and the 2nd lightguide layer are semiconductor laser equipment according to claim 20 
characterized by being formed so that the relation of X1>X2 may be materialized among XI and X2 of each mixed-crystal 
ratio. 

[Claim 22] Said barrier layer and the 2nd lightguide layer are semiconductor laser equipment according to claim 20 
characterized by being formed so that it may become the thickness to which the relation of X2 >=X1 >=0 is materialized 
among XI and X2 of each mixed-crystal ratio, and the 2nd lightguide layer does the quantum effectiveness so. 
[Claim 23] Semiconductor laser equipment according to claim 19 characterized by forming the oxide film in the surface 
layer of the field which is in contact with said cladding layer in said 1 st lightguide layer. 

[Claim 24] Said 2nd lightguide layer is semiconductor laser equipment according to claim 23 characterized by the 
transparent thing to the wavelength of the laser beam oscillated by said barrier layer. 

[Claim 25] Said barrier layer and the 2nd lightguide layer are semiconductor laser equipment according to claim 24 
characterized by being formed so that the relation of XI >X2 may be materialized among XI and X2 of each mixed-crystal 
ratio. 

[Claim 26] Said barrier layer and the 2nd lightguide layer are semiconductor laser equipment according to claim 24 
characterized by being formed so that it may become the thickness to which the relation of X2 >=X1 >=0 is materialized 
among XI and X2 of each mixed-crystal ratio, and the 2nd lightguide layer does the quantum effectiveness so. 
[Claim 27] The 1st lightguide layer of one conductivity type which consists of AIZ1Ga1-21N is formed in the upper part of 
a barrier layer which consists of InX1Ga1-X1N. The 2nd lightguide layer of one conductivity type which consists of 
AlZ2Ga1-Z2N in contact with the 1st lightguide layer is formed in the shape of a stripe, said 1st lightguide layer top — 
this — The cladding layer of one conductivity type which consists of AIZ3Ga1 -Z3N in contact with the 1st lightguide layer 
and the 2nd lightguide layer is formed, a said 1st lightguide layer and 2nd lightguide layer top — this — Said barrier layer, 
the 1st lightguide layer, the 2nd lightguide layer, and a cladding layer The interfacial resistance between the 1st lightguide 
layer and a cladding layer becomes larger than any of the interfacial resistance between the 1st lightguide layer and the 
2nd lightguide layer, and the interfacial resistance between the 2nd lightguide layer and a cladding layer. Semiconductor 
laser equipment characterized by being formed so that the relation between XI >=0, Z1>Z2, and Z3>Z2 may be 
materialized among XI, Z1, Z2. and Z3 of each mixed-crystal ratio. 

[Claim 28] Semiconductor laser equipment according to claim 27 characterized by forming the oxide film in the surface 
layer of the field which is in contact with said cladding layer in said 1 st lightguide layer. 

[Claim 29] The 1 st lightguide layer of one conductivity type which consists of AIGaN is formed above the barrier layer 
which has quantum well structure. The 2nd lightguide layer of one conductivity type which consists of InGaN in contact 
with the 1st lightguide layer is formed in the shape of a stripe, said 1st lightguide layer top — this — The cladding layer of 
one conductivity type which consists of AIGaN in contact with the 1st lightguide layer and the 2nd lightguide layer is 
formed, a said 1st lightguide layer and 2nd lightguide layer top — this — Said barrier layer, the 1st lightguide layer, the 2nd 
lightguide layer, and a cladding layer Semiconductor laser equipment characterized by being formed so that the interfecial 
resistance between the 1st lightguide layer and a cladding layer may become larger than any of the interfacial resistance 
between the 1st lightguide layer and the 2nd lightguide layer, and the interfacial resistance between the 2nd lightguide 
layer and a cladding layer. 
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[Claim 30] Said 2nd lightguide layer is semiconductor laser equipment according to claim 29 characterized by the 
transparent thing to the wavelength of the laser beam oscillated by said barrier layer. 

[Claim 31] Said 2nd lightguide layer is semiconductor laser equipment according to claim 30 characterized by being formed 
so that the forbtdden-band width efface may become the magnitude which does not absorb the wavelength of the laser 
beam oscillated by said barrier layer. 

[Claim 32] said 2nd lightguide layer — this — the semiconductor laser equipment according to claim 30 characterized by 
being formed so that the 2nd lightguide layer may become the thickness which does the quantum effectiveness so. 
[Claim 33] Semiconductor laser equipment according to claim 29 characterized by forming the oxide film in the surface 
layer of the field which is in contact with said cladding layer in said 1st lightguide layer. 

[Claim 34] Said 2nd lightguide layer is semiconductor laser equipment according to claim 33 characterized by the 
transparent thing to the wavelength of the laser beam oscillated by said barrier layer. 

[Claim 35] Said 2nd lightguide layer is semiconductor laser equipment according to claim 34 characterized by being formed 
so that the forbidden-band width efface may become the magnitude which does not absorb the wavelength of the laser 
beam oscillated by said barrier layer. 

[Claim 36] said 2nd lightguide layer — this — the semiconductor laser equipment according to claim 34 characterized by 
being formed so that the 2nd lightguide layer may become the thickness which does the quantum effectiveness so. 
[Claim 37] The 1st lightguide layer of one conductivity type which consists of AlZIGal-ZlN is formed above the barrier 
layer which has quantum well structure. The 2nd lightguide layer of one conductivity type which consists of AIZ2Ga1-22N 
in contact with the 1st lightguide layer is formed in the shape of a stripe, said 1st lightguide layer top — this — The 
cladding layer of one conductivity type which consists of AIZ3Ga1-Z3N in contact with the 1st lightguide layer and the 2nd 
lightguide layer is formed, a said 1st lightguide layer and 2nd lightguide layer top — this — Said barrier layer, the 1st 
lightguide layer, the 2nd lightguide layer, and a cladding layer The interfacial resistance between the 1st lightguide layer 
and a cladding layer becomes larger than any of the interfacial resistance between the 1st lightguide layer and the 2nd 
lightguide layer and the interfacial resistance between the 2nd lightguide layer and a cladding layer. Semiconductor laser 
equipment characterized by being formed so that the relation of Z3>Z2 may be materialized among Z2 and Z3 of each 
nnixed-crystal ratio of the 2nd lightguide layer and said cladding layer. 

[Claim 38] Se mioonductor laser equipment according to claim 37 characterized by forming the oxide film in the surface 
layer of the field which is in contact with said cladding layer in said 1st lightguide layer. 

[Claim 39] The process which forms the 1st lightguide layer of one conductivity type which consists of Gal-YIAIYlAs 
with an epitaxial grown method in the process which forms a barrier layer on a semi-conductor substrate, and the upper 
part of this barrier layer, this — with the process which forms the 2nd lightguide layer of one conductivity type which 
consists of Ga1-Y2AIY2As on the 1st lightguide layer this — with the process which etches the 2nd lightguide layer so 
that it may become stripe geometry On said 1st lightguide layer and the 2nd lightguide layer, with an epitaxial grown 
nnethod It consists of Ga1-Y3A!Y3As. Among Y2 and Y3 of each of said mixed-crystal ratio of Ga1-Y2AIY2As and Gal- 
Y3AIY3AS Y3> Th e manufacture approach of the semiconductor laser equipment characterized by having the process 
which forms the cladding layer of one conductivity type so that the relation of Y2 may be realized. 
[Claim 40] The process which forms the 1st lightguide layer of one conductivity type which consists of Gal-YlAIYIAs 
with an epitaxial grown method in the process which forms a barrier layer on a semi-conductor substrate, and the upper 
part of this barrier layer, this — with the process which forms the 2nd lightguide layer of one conductivity type which 
consists of Ga1-Y2AIY2As on the 1st lightguide layer this — with the process which etches the 2nd lightguide layer so 
that it may become stripe geometry The process which oxidizes the surface layer of the field which is not in contact with 
said 2nd lightguide layer in said 1st lightguide layer. On said 1st lightguide layer and the 2nd lightguide layer, with an 
epitaxial grown method It consists of Ga1-Y3AIY3As. Among Y2 and Y3 of each of said mixed-crystal ratio of Gal- 
Y2AIY2AS and Ga1-Y3AIY3As Y3> The manufacture approach of the semiconductor laser equipment characterized by 
having the process which forms the cladding layer of one conductivity type so that the relation of Y2 may be realized. 
[Claim 41] The process which forms the 1st lightguide layer of one conductivity type which consists of AIGaN with an 
epitaxial grown method in the process which forms a barrier layer on a semi-conductor substrate, and the upper part of 
this barrier layer, this — with the process which forms the 2nd lightguide layer of one conductivity type which consists of 
InGaN on the 1st lightguide layer this — with the process which etches the 2nd lightguide layer so that it may become 
stripe geometry The manufacture approach of the semiconductor laser isquipment characterized by having the process 
which forms the cladding layer of one conductivity type which consists of AIGaN with an epitaxial grown method on said 
1st lightguide layer and the 2nd lightguide layer 

[Claim 42] The process which forms the 1st lightguide layer of one conductivity type which consists of AIGaN with an 
epitaxial grown method in the process which forms a barrier layer on a semi-conductor substrate, and the upper part of 
this barrier layer, this — with the process which forms the 2nd lightguide layer of one conductivity type which consists of 
InGaN on the 1st lightguide layer this — with the process which etches the 2nd lightguide layer so that it may become 
stripe geometry The process which oxidizes the surface layer of the field which is not in contact with said 2nd lightguide 
layer in said 1st lightguide layer. The manufacture approach of the semiconductor laser equipment characterized by having 
the process which forms the cladding layer of one conductivity type which consists of AIGaN with an epitaxial grown 
method on said 1st lightguide layer and the 2nd lightguide layer. 

[Claim 43] The process which forms the 1st lightguide layer of one conductivity type which consists of AiZlGa1-Z1 N with 
an epitaxial grown method in the process which forms a barrier layer on a semi-conductor substrate, and the upper part of 
this barrier layer, this' — with the process which forms the 2nd lightguide layer of one conductivity type which consists of 
AIZ2Ga1-Z2N on the 1st lightguide layer this — with the process which etches the 2nd lightguide layer so that it may 
become stripe geometry On said 1st lightguide layer and the 2nd lightguide layer, with an epitaxial grown method The 
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manufacture approach of the semiconductor laser equipment characterized by having the process which forms the 
cladding layer of one conductivity type so that it may consist of AI23Ga1-23N and the relation of Z3>Z2 may be 
materialized among Z2 and Z3 of each of said mixed-crystal ratio (AIZ2Ga1-Z2N and AlZ3Ga1-23N). 

[Claim 44] The process which forms the 1st lightguide layer of one conductivity type which consists of AlZIGal-ZIN with 
an epitaxial grown method in the process which forms a barrier layer on a semi-conductor substrate, and the upper part of 
this barrier layer, this — wrth the process which forms the 2nd lightguide layer of one conductivity type which consists of 
AIZ2Ga1 -Z2N on the 1st lightguide layer this — with the process which etches the 2nd lightguide layer so that it may 
become stripe geometry The process which oxidizes the surface layer of the field which is not in contact with said 2nd 
lightguide layer in said 1st lightguide layer, On said 1st lightguide layer and the 2nd lightguide layer, with an epitaxial grown 
method The manufacture approach of the semiconductor laser equipment characterized by having the process which 
forms the cladding layer of one conductivity type so that it may consist of Ai23Ga1 -Z3N and the relation of Z3>Z2 may be 
materialized among Z2 and Z3 of each of said mixed-crystal ratio (AIZ2Ga1-Z2N and AIZ3Ga1 -Z3N). 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the real refraction guided wave mold semiconductor laser equipment of 
the low operating current suitable as the light sources, such as optical information processing, of the high yield, and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] Hereafter, conventional semiconductor laser equipment is explained. 
[0003] Since the light source of a single mode is required, the semiconductor laser of refractive-index guided wave 
structure is used for the light source for information processing of optical communication, an optical disk. etc. The 
semiconductor laser equipment especially formed in recent years using the good vapor growth of thickness homogeneity 
as a crystal growth method is in use. 

[0004] The semiconductor laser equipment which has the component structure of the conventional refractive-index guided 
wave nnold realizable [ with vapor growth ] hereafter is explained. Drawing 9 - drawing 1 3 are the cross sections of the 
semiconductor laser equipment of the typical conventional refractive-index guided wave mold. In addition, in this drawing, 
the electrode layer formed in the vertical side of a semi-conductor substrate is omitted. 

[0005] Drawing 9 is semiconductor laser equipment currently used in the application to optical disks including CD (see 
J JAP. vol.24, and p.L89(1985).). The cladding layer 12 of n mold which consists of base (GaAIAs) is formed, the semi- 
conductor substrate 1 1 top of n mold which consists of a gallium arsenide (GaAs) as shown in drawing 9 — gallium 
ARUMIHI — The barrier layer 13 which consists of GaAIAs is formed on a cladding layer 12. The 1st cladding layer 14 of p 
mold which consists of GaAIAs is formed on a barrier layer 13. The current block layer 15 of n mold which becomes parts 
other than stripe field 15a used as the current channel on the 1st cladding layer 14 from GaAs for a current constriction is 
formed. On the 1st cladding layer 14 and the current block layer 15. 2nd cladding layer 16A of p mold which consists of 
GaAIAs with a re-grown method is formed, and the contact layer 17 of p mold which consists of GaAs is formed on 2nd 
cladding layer 16A. 

[0006] In the semiconductor laser equipment of this structure, the current poured in from the contact layer 17 is shut up 
effectively in stripe field 15a by existence of the current block layer 15, and laser oscillation produces it in the barrier 
layer 13 of the stripe field 15a bottom. Since the forbidden-band width efface of the current block layer 15 is smaller than 
the energy of the wavelength of a laser beam and laser beams other than stripe field 15a are absorbed by the current 
block layer 15 at this time, a laser beam is shut up effectively in stripe field 15a. and the laser oscillation of a single mode 
is obtained. 

[0007] In the semiconductor laser equipment shown in drawing 10 , the cladding layer 12 of n mold which consists of 
GaAIAs is formed on the semi-conductor substrate 1 1 of n mold. The barrier layer 13 which consists of GaAIAs is formed 
on a cladding layer 12. Stripe-like cladding layer 16B is formed on a barrier layer 13, and the current block layer 15 is 
formed in fields other than the stripe field on cladding layer 16B. The cap layer 18 of p mold which consists of GaAs is 
formed on the stripe field on cladding layer 16B, and the contact layer 17 of p mold which consists of GaAs is formed on 
the current block layer 15 and the cap layer 18. 

[0008] The fundamental principle of operation of the semiconductor laser equipment shown in drawing 10 is the same as 
that of the semiconductor laser equipment of drawing 9 , a current and a laser beam are shut up by existence of the 
current block layer 15 in a stripe field, and the laser oscillation of a single mode is obtained (J JAP, vol,25, and p.L498 
(1986). reference). 

[0009] The semiconductor laser equipment shown in drawing 1 1 is the thing of the structure which simplified the 
semiconductor laser equipment shown in drawing 10 , and has "refer to [ in which the current block layer 15 is not 
formed ] the ridge guided wave structure (SPIE, vol.1043, p.61 (1989))." Here. 19 in drawing 1 1 is a dielectric film. Since 
the semiconductor laser equipment shown in drawing 1 1 does not have the flat front face, a crack does not occur at the 
time of a cleavage, or there are problems, like thermal resistance becomes high, and it is not fertilized, but the thing of the 
structure shown in drawingjjg which made the front face flat is used widely. That is, 15 layers of current blocks make the 
front face of semiconductor laser equipment flat and the effectiveness of raising mass-production nature also has them. 
[0010] Moreover, in recent years, the semiconductor laser of a real refractive-index guided wave mold which used the 
GaAIAs current block layer is also developed (JP,62-73687,A). Since the laser beam is shut up in the stripe field by 
forming the refractive index of a current block layer lower than the refractive index of a cladding layer according to this 
structure, unlike the thing of the structure which shows a laser beam in drawi ng 9 and drawing 10 which have been shut up 
by the light absorption of the current block layer 15, the semiconductor laser equipment of the small single mode of the 
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low operating current of an interna! loss is obtained. 

[0011] Drawing 12 shows the semiconductor laser equippnent of the embedding hetero (BH) structure applied in the field of 
optical communication etc. (IEEE. J.Quantum Electron., QE-16. p.205 (1980) reference). In drawing 1 2 , 20 is an embedding 
quantity resistive layer and 21 is a zinc diffusion field. In the semiconductor laser equipment shown in drawing 12 , the 
ennbedding quantity resistive layer 20 of the side face of the both sides of a barrier layer 1 3 acts as a current block layer, 
and a laser beam embeds with a barrier layer 13, and is steeply shut up in a stripe field by the refractive-index difference 
between the high resistive layers 20. a steep light — shutting up — in order to increase the optical consistency in a 
barrier layer 13, this structure is unsuitable for obtaining high power, and, generally is applied to the semiconductor laser 
equipment of low-power output 

[0012] Drawing 13 is the conventional example which formed the lightguide layer 22 on the cladding layer 12, and formed 
the stripe-like barrier layer 13 on this lightguide layer 22 (IEEE, J.Quantum Electron., QE-15. and p.451 (1979) reference). 
Since according to the semiconductor laser equipment of this structure a barrier layer 13 will be exposed into atmospheric 
air in case a barrier layer 13 is etched in the shape of a stripe, it has the fault of producing the fall of dependability. 
Moreover, since the current block layer 23 which consists of GaAIAs is formed in the maximum top face of a growth 
phase, there is a problem that the breadth of a current is large and a threshold becomes high, and it has not resulted in 
utilization. 

[0013] The semiconductor laser equipment which, on the other hand, oscillates the blue laser beam as the light source for 
information record of the high density corresponding to multimedia is needed. However, the practical semiconductor laser 
equipment which oscillates a blue laser beam has not yet resulted in implementation. 

[0014] As one of the ingredients which realizes this semiconductor laser equipment, the semiconductor material of the 
GaN system which sets a barrier layer to InCaN attracts attention. However, compared with GaAs etc., since the bonding 
strength between atoms is strong, the semiconductor material of a GaN system is difficult to etch 
[0015] 

[Problem(s) to be Solved by the Invention] As explained above, since it is structure which shuts up a current and a laser 
beam in a stripe using a current block layer, in case the semiconductor laser equipment of structure manufactures 
semiconductor laser equipment, the process which forms alternatively the process or current block layer which etches a 
current block layer in the shape of a stripe outside a stripe field is conventionally indispensable [ equipment]. 
[0016] Since diffusion length extent to an electron or an electron hole is required as thickness of a current block layer 
required in order to prevent a current, in the case of the current block layer of n mold which consists of GaAs, the 
thickness of about 0.5-1 micrometer is required, and. in the case of the cun-ent block layer of p mold which consists of 
GaAs. the thickness of 2-3 micrometers is required. Although etching of a stripe field with a depth of about 1 micrometer 
is needed [ since manufacture is easy, n mold is used for the current block layer, and ] in order to be formation of the 
current block layer of n mold so that a current block layer is thin in case semiconductor laser equipment is manufactured, 
deep etching brings about the fall of the yield by dispersion in the stripe width efface after etching. In the semiconductor 
laser equipment which needs to control the stripe width of face after etching to about 2**0.2 micrometers in the case of 
real refractive-index guided wave structure and by which optical distribution is directly influenced with stripe width of 
face, control of stripe width of face is very important. 

[0017] In order to be stabilized and to perform etching of the depth direction, the problem of control of stripe width of 
face poses a problem, especially when preparing an etching halt layer and performing selective etching. For example, in 
drawing 9 , even if it uses the etching reagent which can etch the current block layer 15 alternatively, it is because 
dispersion in the thickness is also large when the thickness of the current block layer 15 is large, so stripe width efface 
varies greatly by the side etch in time amount until all the fields in the current block layer 15 to remove are removed. 
[0018] When dispersion within the field of the thickness of the current block layer 15 is **10%. the thickness of the 
current block layer 15 is set to 1**0.1 micrometers, and even If side etch and the dirty rate of the depth direction are the 
same, specifically, dispersion in the stripe width efface by side etch is set to **0.2 micrometers. In fact, further, since 
dispersion by the photolithography process of mask width of face is added to the aforementioned dispersion, it can be 
satisfied and there are 2**0.2 micrometers of problems of causing the fall of the yield in the aforementioned example of a 
design. 

[0019] Like the structure of draymnK.10 , when forming the current block layer 15 alternatively outside a stripe field, the 
process which etches cladding layer 16B of p mold into 1 -micrometer thickness is required, and the difficulty of control of 
stripe width efface is the same as that of the above. That is. as long as the current block layer 15 is required, the problem 
of control of the stripe width of face by deep etching is not avoided. But although the method of growing up the current 
block layer 15 alternatively on the 1st cladding layer 14 is considered as the manufacture approach in the structure of 
drawing_9 For that purpose, dielectric films, such as a nitride as a mask for selective growth, are formed by approaches, 
such as plasma CVD, on the 1st cladding layer 14 in a stripe field before selective growth. The process which removes 
said dielectric film by approaches, such as reactive ion etching, is required after selective growth. In this case, since there 
is a problem to which the 1st problem that a great crystal defect will be introduced into a cladding layer 14 and 
manufacture approach near the luminescence field of a barrier layer 13 become complicated, it has not resulted in 
implementation. 

[0020] The semiconductor material of the GaN system which forms a barrier layer by InGaN attracts attention as one of 
the ingredients which realizes the semiconductor laser equipment which, on the other hand, carries out outgoing radiation 
of the blue laser beam. However, since the bonding strength between atoms is strong compared with GaAs etc., the semi- 
conductor of a GaN system is an ingredient with difficult etching, this becomes one cause and semiconductor laser 
equipment is not realized. That is, although etching by the wet etching method do not give a damage to a crystal is 
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required for formation of the waveguide inside semiconductor laser equipment, the suitable thing for the etching reagent 
used in this case is not found. 

[0021] Even if a suitable etching reagent exists, when unlike the crystal of cubic system, such as a GaAs system, the 
crystal of GaN by which epitaxial growth was carried out is generally hexagonal system and performs deep etching 
required for said conventional structure, an etching side is no longer a flat surface, and since loss of waveguide will 
become great, laser oscillation will have the problem that it cannot wish. For this reason, there is a limit that only very 
shallow etching is permitted even if it etches. 

[0022] This invention aims at realizing easily and certainly the semiconductor laser equipment of a single mode with a flat 
front face, especially realizing easily the semiconductor laser equipment which carries out outgoing radiation of the blue 
laser beam, without using a current block layer in view of the fault of said conventional semiconductor laser equipment 
[0023] 

[Means for Solving the Problem] In order to attain the aforementioned purpose, this invention realizes the semiconductor 
laser equipment which has refractive -index guided wave structure, although a current block layer does not exist by making 
fields other than a stripe field high resistance, and making it the structure where a current flows only to a stripe field while 
making a stripe field low resistance. 

[0024] the solution means which invention of claim 1 provided — semiconductor laser equipment — a refractive index — 
nX The 1st semi-conductor layer of one conductivity type whose refractive index is nYl is formed above a barrier layer, it 
is — In contact with the 1st semi-conductor layer, the 2nd semi-conductor layer of one conductivity type whose 
refractive index is nY2 is formed in the shape of a stripe, said 1st semi-conductor layer top — this — In contact with the 
1st semi-conductor layer and the 2nd semi-conductor layer, the 3rd semi-conductor layer of one conductivity type whose 
refractive index is nY3 is formed, a said 1st semi-conductor layer and 2nd semi-conductor layer top — this — Said 
barrier layer, the 1 st semi-conductor layer, the 2nd semi-conductor layer, and the 3rd semi-conductor layer The 
interfacial resistance between the 1st semi-conductor layer and the 3rd semi-conductor layer becomes larger than any of 
the interfacial resistance between the 1st semi-conductor layer and the 2nd semi-conductor layer, and the interfacial 
resistance between the 2nd semi-conductor layer and the 3rd semi-conductor layer. Refractive index nX of a barrier layer 
It considers as the configuration currently formed so that it may be larger than the refractive index nYl of the 1st semi- 
conductor layer and the refractive index nY2 of the 2nd semi-conductor layer may become larger than the refractive index 
nY3 of the 3rd semi— conductor layer. 

[0025] Invention of claim 2 adds the configuration that the oxide film is formed to the surface layer of the field which is in 
contact with said 3rd semi-conductor layer in said 1st semi-conductor layer at the configuration of claim 1. 
[0026] The 1st lightguide layer of one conductivity type with which the solution means which invention of claim 3 provided 
becomes the upper part of a barrier layer which consists semiconductor laser equipment of Ga1-X AIX As from Gal- 
Y1A1Y1 As is formed. The 2nd lightguide layer of one conductivity type which consists of Ga1-Y2AIY2As in contact with 
the 1st lightguide layer is formed in the shape of a stripe, said 1st lightguide layer top — this — The cladding layer of one 
conductivity type which consists of Ga1-Y3AlY3As in contact with the 1st lightguide layer and the 2nd lightguide layer is 
formed, a said 1st lightguide layer and 2nd lightguide layer top — this — Said barrier layer, the 1st lightguide layer, the 2nd 
lightguide layer, and a cladding layer The interfacial resistance between the 1st lightguide layer and a cladding layer 
becomes larger than any of the interfacial resistance between the 1st lightguide layer and the 2nd lightguide layer, and the 
interfacial resistance between the 2nd lightguide layer and a cladding layer. It considers as the configuration currently 
formed so that the relation of Y3>Y2 and Y1>X>=0 may be materialized among X, Y1, Y2, and Y3 of each mixed-crystal 
ratio. 

[0027] Invention of claim 5 which is what adds the configuration that said 2nd lightguide layer of invention of claim 4 is 
transparent in the configuration of claim 3 to the wavelength of the laser beam oscillated by said barrier layer adds the 
configuration that said barrier layer and the 2nd lightguide layer are formed so that the relation of Y2>X may be 
materialized among X and Y2 of each mixed-crystal ratio to the configuration of claim 4. 

[0028] Invention of claim 6 adds the configuration of being formed so that said barrier layer and the 2nd lightguide layer 
may become the thickness to which the relation of X>=Y 2>=0 is realized among X and Y2 of each mixed-crystal ratio, and 
the 2nd lightguide layer does the quantum effectiveness so to the configuration of claim 4. 

[0029] Invention of claim 7 adds the configuration that the oxide film is formed to the surface layer of the field which is in 
contact with said cladding layer in said 1st lightguide layer at the configuration of claim 3. 

[0030] Invention of claim 9 which is what adds the configuration that said 2nd lightguide layer of invention of claim 8 is 
transparent in the configuration of claim 7 to the wavelength of the laser beam oscillated by said barrier layer adds the 
configuration that said barrier layer and the 2nd lightguide layer are formed so that the relation of Y2>X may be 
materialized among X and Y2 of each mixed-crystal ratio to the configuration of claim 8. 

[0031] Invention of claim 10 adds the configuration of being formed so that said barrier layer and the 2nd lightguide layer 
may become the thickness to which the relation of X>=Y 2>=0 is realized among X and Y2 of each mixed-crystal ratio, and 
the 2nd lightguide layer does the quantum effectiveness so to the configuration of claim 8. 

[0032] As for the solution means which invention of claim 11 provided, the 1st lightguide layer of one conductivity type 
which consists of Gal-YIAlYIAs is formed above the barrier layer which has quantum well structure in semiconductor 
laser equipment. The 2nd lightguide layer of one conductivity type which consists of Ga1-Y2AIY2As in contact with the 
1st lightguide layer is formed in the shape of a stripe, said 1st lightguide layer top — this — The cladding layer of one 
conductivity type which consists of Ga1-Y3AlY3As in contact with the 1st lightguide layer and the 2nd lightguide layer is 
formed, a said 1st lightguide layer and 2nd lightguide layer top — this — Said barrier layer, the 1st lightguide layer, the 2nd 
lightguide layer, and said cladding layer The interfacial resistance between the 1st lightguide layer and a cladding layer 
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becomes larger than any of the interfacial resistance between the 1st lightguide layer and the 2nd lightguide layer, and the 
interfacial resistance between the 2nd lightguide layer and a cladding layer. It considers as the configuration currently 
formed so that the relation of Y3>Y2 may be materialized among Y2 and Y3 of each mixed-crystal ratio of the 2nd 
lightguide layer and a cladding layer. 

[0033] Invention of claim 12 adds the configuration that said 2nd lightguide layer is transparent to the wavelength of the 
laser beam oscillated by said barrier layer to the configuration of claim 1 1. 

[0034] Invention of claim 13 adds the configuration currently formed so that said 2nd lightguide layer may become the 
magnitude in which the forbidden-band width of face does not absorb the wavelength of the laser beam oscillated by said 
barrier layer to the configuration of claim 1 2. 

[0035] invention of claim 14 — the configuration of claim 12 — said 2nd lightguide layer — this — the configuration of 
being formed so that the 2nd lightguide layer may become the thickness which does the quantum effectiveness so is 
added 

[0036] Invention of claim 15 adds the configuration that the oxide film is formed to the surface layer of the field which is in 
contact with said cladding layer in said 1st lightguide layer at the configuration of claim 11. 

[0037] Invention of claim 17 which is what adds the configuration that said 2nd lightguide layer of invention of claim 16 is 
transparent in the configuration of claim 15 to the wavelength of the laser beam oscillated by said barrier layer adds the 
configuration currently formed so that said 2nd lightguide layer may become the magnitude in which the forbidden-band 
width of face does not absorb the wavelength of the laser beam oscillated by said barrier layer to the configuration of 
claim 1 6. 

[0038] invention of claim 18 — the configuration of claim 16 — said 2nd lightguide layer — this — the configuration of 
being formed so that the 2nd lightguide layer may become the thickness which does the quantum effectiveness so is 
added. 

[0039] The 1 st lightguide layer of one conductivity type with which the solution means which invention of claim 19 
provided becomes the upper part of a barrier layer which consists semiconductor laser equipment of InXI Gal -XI N from 
AlGaN is formed. The 2nd lightguide layer of one conductivity type which consists of InX2Ga1 -X2N in contact with the 1st 
lightguide layer is formed in the shape of a stripe, said 1st lightguide layer top — this — The cladding layer of one 
conductivity type which consists of AlGaN in contact with the 1st lightguide layer and the 2nd lightguide layer is formed, a 
said 1st lightguide layer and 2nd lightguide layer top — this — Said barrier layer, the 1st lightguide layer, the 2nd lightguide 
layer, and a cladding layer It considers as the configuration currently formed so that the interfacial resistance between the 
1st lightguide layer and a cladding layer may become larger than any of the interfacial resistance between the 1st 
lightguide layer and the 2nd lightguide layer, and the interfacial resistance between the 2nd lightguide layer and a cladding 
layer. 

[0040] Invention of claim 21 which is what adds the configuration that said 2nd lightguide layer of invention of claim 20 is 
transparent in the configuration of claim 1 9 to the wavelength of the laser beam oscillated by said barrier layer Said barrier 
layer and the 2nd lightguide layer add the configuration of being formed so that the relation of X1>X2 may be materialized 
among XI and X2 of each mixed-crystal ratio to the configuration of claim 20. 

[0041] Invention of claim 22 adds the configuration of being formed so that said barrier layer and the 2nd lightguide layer 
may become the thickness to which the relation of X2 >=X1 >=0 is realized among XI and X2 of each mixed-crystal ratio, 
and the 2nd lightguide layer does the quantum effectiveness so to the configuration of claim 20. 

[0042] Invention of claim 23 adds the configuration that the oxide film is formed to the surface layer of the field which is in 
contact with said cladding layer in said 1st lightguide layer at the configuration of claim 19. 

[0043] Invention of claim 25 which is what adds the configuration that said 2nd lightguide layer of invention of claim 24 is 
transparent in the configuration of claim 23 to the wavelength of the laser beam oscillated by said barrier layer Said barrier 
layer and the 2nd lightguide layer add the configuration of being formed so that the relation of X1>X2 may be materialized 
among XI and X2 of each mixed-crystal ratio to the configuration of claim 24. 

[0044] Invention of claim 26 adds the configuration of being formed so that said barrier layer and the 2nd lightguide layer 
may become the thickness to which the relation of X2 >=X1 >=0 is realized among XI and X2 of each mixed-crystal ratio, 
and the 2nd lightguide layer does the quantum effectiveness so to the configuration of claim 24. 
[0045] The 1st lightguide layer of one conductivity type with which the solution means which invention of claim 27 
provided becomes the upper part of a barrier layer which consists semiconductor laser equipment of InXlGal-XlN from 
AlZlGal-ZIN is formed. The 2nd lightguide layer of one conductivity type which consists of AIZ2Gal-Z2N in contact with 
the 1st lightguide layer is formed in the shape of a stripe, said 1st lightguide layer top — this — The cladding layer of one 
conductivity type which consists of AIZ3Gal-Z3N in contact with the 1st lightguide layer and the 2nd lightguide layer is 
formed, a said 1st lightguide layer and 2nd lightguide layer top — this — Said barrier layer, the 1st lightguide layer, the 2nd 
lightguide layer, and a cladding layer The interfacial resistance between the 1st lightguide layer and a cladding layer 
becomes larger than any of the interfacial resistance between the 1st lightguide layer and the 2nd lightguide layer, and the 
interfacial resistance between the 2nd lightguide layer and a cladding layer. It considers as the configuration currently 
formed so that the relation between XI >=0, Z1>Z2, and Z3>Z2 may be materialized among XI, Zl, Z2, and Z3 of each 
mixed— crystal ratio. 

[0046] Invention of claim 28 adds the configuration that the oxide film is formed to the surface layer of the field which is in 
contact with said cladding layer in said 1st lightguide layer at the configuration of claim 27. 

[0047] As for the solution means which invention of claim 29 provided, the 1st lightguide layer of one conductivity type 
which consists of AlGaN is formed above the barrier layer which has quantum well structure in semiconductor laser 
equipment. The 2nd lightguide layer of one conductivity type which consists of InGaN in contact with the 1st lightguide 
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layer is formed in the shape of a stripe, said 1st lightguide layer top — this — The cladding layer of one conductivrty type 
which consists of AIGaN in contact with the 1st lightguide layer and the 2nd lightguide layer is formed, a said 1st lightguide 
layer and 2nd lightguide layer top — this — Said barrier layer, the 1st lightguide layer, the 2nd lightguide layer, and said 
cladding layer It considers as the configuration currently formed so that the interfacial resistance between the 1st 
lightguide layer and a cladding layer nnay become larger than any of the interfacial resistance between the 1st lightguide 
layer and the 2nd lightguide layer, and the interfacial resistance between the 2nd lightguide layer and a cladding layer. 
[O048] Invention of claim 30 adds the configuration that said 2nd lightguide layer is transparent to the wavelength of the 
laser beam oscillated by said barrier layer to the configuration of claim 29. 

[0049] Invention of claim 31 adds the configuration currently formed so that said 2nd lightguide layer may become the 
magnitude in which the forbidden-band width efface does not absorb the wavelength of the laser beam oscillated by said 
barrier layer to the configuration of claim 30. 

[O050] invention of claim 32 — the configuration of claim 30 — said 2nd lightguide layer — this — the configuration of 
being formed so that the 2nd lightguide layer may become the thickness which does the quantum effectiveness so is 
added. 

[0051] Invention of claim 33 adds the configuration that the oxide film is formed to the surface layer of the field which is in 
contact with said cladding layer in said 1st lightguide layer at the configuration of claim 29. 

[0052] Invention of claim 35 which is what adds the configuration that said 2nd lightguide layer of invention of claim 34 is 
transparent in the configuration of claim 33 to the wavelength of the laser beam oscillated by said barrier layer adds the 
configuration currently formed so that said 2nd lightguide layer may become the magnitude in which the forbidden-band 
width of face does not absorb the wavelength of the laser beam oscillated by said barrier layer to the configuration of 
claim 34. 

[0053] invention of claim 36 — the configuration of claim 34 — said 2nd lightguide layer — this — the configuration of 
being formed so that the 2nd lightguide layer may become the thickness which does the quantum efFectiveness so is 
added. 

[0054] As for the solution means which invention of claim 37 provided, the 1st lightguide layer of one conductivity type 
which consists of AlZIGal-ZlN is formed above the barrier layer which has quantum well structure in semiconductor 
laser equipment. The 2nd lightguide layer of one conductivity type which consists of AI22Gal -Z2N in contact with the 1st 
lightguide layer is formed in the shape of a stripe, said 1st lightguide layer top — this — The cladding layer of one 
conductivity type which consists of AlZ3Gal-Z3N in contact with the 1st lightguide layer and the 2nd lightguide layer is 
formed, a said 1st lightguide layer and 2nd lightguide layer top — this — Said barrier layer, the 1st lightguide layer, the 2nd 
lightguide layer, and said cladding layer The interfacial resistance between the 1st lightguide layer and a cladding layer 
becomes larger than any of the interfacial resistance between the 1st lightguide layer and the 2nd lightguide layer, and the 
Interfacial resistance between the 2nd lightguide layer and a cladding layer. It considers as the configuration currently 
formed so that the relation of Z3>Z2 may be materialized between each mixed-crystal ratio of the 2nd lightguide layer and 
said cladding layer. 

[0055] Invention of claim 38 adds the configuration that the oxide film is formed to the surface layer of the field which is in 
contact with said cladding layer in said 1st lightguide layer at the configuration of claim 37. 

[0056] The process at which invention of claim 39 forms a barrier layer for the manufacture approach of semiconductor 
laser equipment on a semi-conductor substrate, The process which forms the 1st lightguide layer of one conductivity type 
which consists of Gal-YIAIYIAs with an epitaxial grown method above this barrier layer, this — with the process which 
forms the 2nd lightguide layer of one conductivity type which consists of Gal-Y2AIY2As on the 1st lightguide layer this — 
with the process which etches the 2nd lightguide layer so that it may become stripe geometry On said 1st lightguide layer 
and the 2nd lightguide layer, with an epitaxial grown method It considers as the configuration equipped with the process 
which forms the cladding layer of one conductivity type so that it may consist of Ga1-Y3AIY3As and the relation of Y3>Y2 
may be materialized among Y2 and Y3 of each of said mixed-crystal ratio of Gal-Y2AIY2As and Gal-Y3A1Y3. 
[0057] The process at which invention of claim 40 forms a barrier layer for the manufacture approach of semiconductor 
laser equipment on a semi-conductor substrate. The process which forms the 1st lightguide layer of one conductivity type 
which consists of Ga1-Y1AIY1As with an epitaxial grown method above this barrier layer, this — with the process which 
forms the 2nd lightguide layer of one conductivity type which consists of Gal-Y2AIY2As on the 1st lightguide layer this — 
with the process which etches the 2nd lightguide layer so that it may become stripe geometry The process which oxidizes 
the surface layer of the field which is not in contact with said 2nd lightguide layer in said 1st lightguide layer, On said 1st 
lightguide layer and the 2nd lightguide layer, with an epftaxial grown method It considers as the configuration equipped with 
the process. which forms the cladding layer of one conductivity type so that it may consist of Gal-Y3AIY3As and the 
relation of Y3>Y2 may be materialized among Y2 and Y3 of each of said mixed-crystal ratio of Ga1-Y2AIY2As and Gal- 
Y3AIY3. 

[0058] The process at which invention of claim 41 forms a barrier layer for the manufacture approach of semiconductor 
laser equipment on a semi-conductor substrate, The process which forms the 1st lightguide layer of one conductivity type 
which consists of AIGaN with an epitaxial grown method above this barrier layer, this — with the process which forms the 
2nd lightguide layer of one conductivity type which consists of InGaN on the 1st lightguide layer this — it considers as the 
configuration equipped with the process which forms the cladding layer of one conductivity type which consists of AIGaN 
with an epitaxial grown method on the process which etches the 2nd lightguide layer so that it may become stripe 
geometry, said 1st lightguide layer, and the 2nd lightguide layer 

[0059] The process at which invention of claim 42 forms a barrier layer for the manufacture approach of semiconductor 
laser equipment on a semi-conductor substrate. The process which forms the 1st lightguide layer of one conductivity type 
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which consists of AIGaN with an epitaxial grown method above this barrier layer, this — with the process which forms the 
2nd lightguide layer of one conductivity type which consists of InGaN on the 1st lightguide layer this — with the process 
which etches the 2nd lightguide layer so that it may become stripe geometry The process which oxidizes the surface layer 
of the field which is not in contact with said 2nd lightguide layer in said 1st lightguide layer, It considers as the 
configuration equipped with the process which forms the cladding layer of one conductivity type which consists of AIGaN 
with an epitaxial grown method on said 1st lightguide layer and the 2nd lightguide layer. 

[0060] The process at which invention of claim 43 forms a barrier layer for the manufacture approach of semiconductor 
laser equipment on a semi-conductor substrate. The process which forms the 1st lightguide layer of one conductivity type 
which consists of AIZ1Ga1-21N with an epitaxial grown method above this barrier layer, this — with the process which 
forms the 2nd lightguide layer of one conductivity type which consists of AIZ2Ga1-22N on the 1st lightguide layer this — 
with the process which etches the 2nd lightguide layer so that it may become stripe geometry On said 1st lightguide layer 
and the 2nd lightguide layer, with an epitaxial grown method It considers as the configuration equipped with the process 
which forms the cladding layer of one conductivity type so that it may consist of AIZ3Ga1-Z3N and the relation of Z3>Z2 
may be materialized among Z2 and Z3 of each of said mixed-crystal ratio (AIZ2Ga1-Z2N and AIZ3Ga1-Z3N). 
[O061] The process at which invention of claim 44 forms a barrier layer for the manufacture approach of semiconductor 
laser equipment on a semi-conductor substrate, The process which forms the 1st lightguide layer of one conductivity type 
which consists of AlZIGal-ZI N with an epitaxial grown method above this barrier layer, this — with the process which 
forms the 2nd lightguide layer of one conductivity type which consists of AIZ2Ga1-Z2N on the 1st lightguide layer this — 
with the process which etches the 2nd lightguide layer so that it may become stripe geometry The process which oxidizes 
the surface layer of the field which is not in contact with said 2nd lightguide layer in said 1st lightguide layer. On said 1st 
lightguide layer and the 2nd lightguide layer, with an epitaxial grown method It considers as the configuration equipped with 
the process which forms the cladding layer of one conductivity type so that it may consist of AIZ3Ga1 -Z3N and the 
relation of Z3>Z2 may be materialized among Z2 and Z3 of each of said mixed-crystal ratio (AIZ2Ga1-Z2N and AIZ3Gal- 
Z3N). 
[0062] 

[Function] By the configuration of claim 1, since the interfacial resistance between the 1st semi-conductor layer and the 
3rd semi-conductor layer is larger than any of the interfacial resistance between the 1st semi-conductor layer and the 
2nd semi— conductor layer, and the interfacial resistance between the 2nd semi— conductor layer and the 3rd semi- 
conductor layer. While a cun-ent cannot flow easily in fields other than the field where the 2nd semi-conductor layer is not 
formed between the 1st semi-conductor layer and the 3rd semi-conductor layer, i.e., a stripe field, it tends to flow, the 
field, i.e.. the stripe field, in which the 2nd semi-conductor layer is formed. For this reason, even if it does not form a 
current block layer, the constriction of the current can be carried out to a stripe field. 

[0063] Moreover, refractive index nX of a barrier layer Since [ than the refractive index nYl of the 1st semi-conductor 
layer / larger and ] the refractive index nY2 of the 2nd semi-conductor layer is larger than the refractive index nY3 of the 
3rd semi— conductor layer, the effective refractive index of a stripe field becomes higher than the effective refractive index 
outside a stripe field, and the stable single transverse mode oscillation by the refractive-index guided wave device can be 
obtained. 

[0064] Since the oxide film is formed in the surface layer of the field which is in contact with the 3rd semi-conductor layer 
in the 1st semi-conductor layer with the configuration of claim 2, interfacial resistance between the 1st semi-conductor 
layer and the 3rd semi-conductor layer can be made simply large to authenticity. 

[0065] In the semiconductor laser equipment which a barrier layer becomes from GaAlAs by the configuration of claim 3 
Since the interfacial resistance between the 1st lightguide layer and a cladding layer is larger than any of the interfacial 
resistance between the 1st lightguide layer and the 2nd lightguide layer, and the interfacial resistance between the 2nd 
lightguide layer and a cladding layer, Even if a current becomes easy to flow, the field, i.e., the stripe field, in which the 2nd 
lightguide layer is formed, and does not form a current block layer, it can carry out the constriction of the current to a 
stripe Field. 

[0066] Moreover, since the relation between Y3>Y2 and Y1>X>=0 is materialized among X. Y1, Y2. and Y3 of each mixed- 
crystal ratio of a barrier layer, the 1st lightguide layer, the 2nd lightguide layer, and a cladding layer and the refractive 
index of the 2nd lightguide layer becomes larger than the refractive index of a cladding layer, the effective refractive index 
of a stripe field becomes higher than the effective refractive index outside a stripe field, and the stable single transverse 
mode oscillation can be obtained. 

[0067] In the semiconductor laser equipment which a barrier layer becomes from GaAlAs by the configuration of claim 4, 
to the wavelength of the laser beam by which the 2nd lightguide layer is oscillated by said barrier layer, since it is 
transparent, generation of heat [ / near the barrier layer ] is controlled. 

[0068] Since it is formed so that, as for a barrier layer and the 2nd lightguide layer, the relation of Y2>X may be 
materialized among X and Y2 of each mixed-crystal ratio by the configuration of claim 5 in the semiconductor laser 
equipment with which a barrier layer consists of GaAlAs, the 2nd lightguide layer becomes transparent to the wavelength 
of the laser beam oscillated by said barrier layer, and generation of heat [ / near the barrier layer ] is controlled 
[0069] S ince it is formed so that a barrier layer and the 2nd lightguide layer may become the thickness to which the 
relation of X>=Y 2>=0 is realized among X and Y2 of each mixed-crystal ratio, and the 2nd lightguide layer does the 
quantum effectiveness so by the configuration of claim 6 in the semiconductor laser equipment with which a barrier layer 
consists of GaAlAs. the 2nd lightguide layer becomes transparent to the wavelength of the laser beam oscillated by said 
barrier layer, and generation of heat [ / near the barrier layer ] is controlled. 

[0070] Since the oxide film is formed in the surface layer of the field which is in contact with the cladding layer in the 1st 
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lightguide layer with the configuration of claim 7 in the semiconductor laser equipment with which a barrier layer consists 
of GaAIAs, interfacial resistance between the 1st lightguide layer and a cladding layer can be made simply large to 
authenticity. 

[0071] By the configuration of claim 8, a barrier layer can control simple and generation of heat [ since it is transparent / 
to the wavelength of the laser beam by which it can enlarge certainly and the 2nd lightguide layer is oscillated by said 
barrier layer / near the barrier layer ] for the interfacial resistance between the 1st lightguide layer and a cladding layer in 
the semiconductor laser equipment which consists of GaAIAs. 

[0072] In the semiconductor laser equipment which a barrier layer becomes from GaAIAs by the configuration of claim 9 
The interfacial resistance between the 1st lightguide layer and a cladding layer Simple and since it can enlarge certainly, 
and a barrier layer and the 2nd lightguide layer are formed so that the relation of Y2>X may be materialized among X and 
Y2 of each mixed-crystal ratio, The 2nd lightguide layer becomes transparent to the wavelength of the laser beam 
osciltated by said barrier layer, and can control generation of heat [ / near the barrier layer ]. 

[0073] In the semiconductor laser equipment which a barrier layer becomes from GaAIAs by the configuration of claim 10 
Interfacial resistance between the 1st lightguide layer and a cladding layer can be made simply large to authenticity. A 
barrier layer and the 2nd lightguide layer Since it is formed so that it may become the thickness to which the relation of 
X>=Y 2>=0 is realized among X and Y2 of each mixed-crystal ratio, and the 2nd lightguide layer does the quantum 
effectiveness so. The 2nd lightguide layer becomes transparent to the wavelength of the laser beam oscillated by said 
ba rrier layer, and can control generation of heat [ / near the barrier layer ]. 

[0074] By the configuration of claim 11, since the barrier layer has quantum well structure, the reduction in a threshold 
and high increase in power of semiconductor laser can be attained. 

[0075] Moreover, like claim 3, since the interfacial resistance between the 1st lightguide layer and a cladding layer is larger 
than any of the interfacial resistance between the 1st lightguide layer and the 2nd lightguide layer, and the interfacial 
resistance between the 2nd lightguide layer and a cladding layer, even if it does not form a current block layer, it can carry 
out the constriction of the current into a stripe field. 

[0076] Furthermore, since the relation of Y3>Y2 is materialized among Y2 and Y3 of each mixed-crystal ratio of the 2nd 
lightguide layer and a cladding layer, the refractive index of the 2nd lightguide layer becomes larger than the refractive 
index of a cladding layer, and the single transverse mode stabilized according to the refractive-index guided wave device 
can be obtained. 

[0077] In the semiconductor laser equipment of the GaAIAs system in which a barrier layer has quantum well structure by 
the configuration of claim 12, to the wavelength of the laser beam oscillated by said barrier layer, since it is transparent, 
the 2nd lightguide layer can control generation of heat [ / near the barrier layer ]. 

[0078] In the semiconductor laser equipment of the GaAIAs system in which a barrier layer has quantum well structure by 
the configuration of claim 13, since the forbidden-band width efface of the 2nd lightguide layer is formed in the magnitude 
which does not absorb the wavelength of the laser beam oscillated by the barrier layer, the 2nd lightguide layer becomes 
transparent to the wavelength of the laser beam oscillated by said barrier layer, and generation of heat [ / near the barrier 
layer ] is controlled. 

[0079] Since it is formed so that it may become the thickness to which the 2nd lightguide layer does the quantum 
effectiveness so by the configuration of claim 14 in the semiconductor laser equipment of a GaAIAs system with which a 
barrier layer has quantum well structure, the 2nd lightguide layer becomes transparent to the wavelength of the laser 
beam oscillated by said barrier layer, and can control generation of heat [ / near the barrier layer ]. 

[0080] Since the oxide film is formed in the surface layer of the field which is in contact with the cladding layer in the 1st 
lightguide layer with the configuration of claim 15 in the semiconductor laser equipment of a GaAIAs system with which a 
barrier layer has quantum well structure, interfacial resistance between the 1st lightguide layer and a cladding layer can be 
made simply large to authenticity. 

[0081] By the configuration of claim 16, a barrier layer can control simple and generation of heat [ since it is transparent / 
to the wavelength of the laser beam by which it can enlarge certainly and the 2nd lightguide layer is oscillated by said 
barrier layer / near the barrier layer ] for the interfacial resistance between the 1st lightguide layer and a cladding layer in 
the semiconductor laser equipment of the GaAIAs system which has quantum well structure. 

[0082] In the semiconductor laser equipment of the GaAIAs system in which a barrier layer has quantum well structure by 
the configuration of claim 17 The interfacial resistance between the 1st lightguide layer and a cladding layer Simple and 
since it can enlarge certainly and the forbidden-band width of face of the 2nd lightguide layer is formed in the magnitude 
which does not absorb the wavelength of the laser beam oscillated by the barrier layer. The 2nd lightguide layer becomes 
transparent to the wavelength of the laser beam oscillated by said barrier layer, and generation of heat [ / near the barrier 
layer ] is controlled. 

[0083] By the configuration of claim 18, a barrier layer can control simple and generation of heat [ it can enlarge certainly, 
since it is formed so that the 2nd lightguide layer may become the thickness which does the quantum effectiveness so, 
the 2nd lightguide layer becomes transparent to the wavelength of the laser beam oscillated by said barrier layer, and / 
near the barrier layer ] for the interfacial resistance between the 1st lightguide layer and a cladding layer in the 
semiconductor laser equipment of the GaAIAs system which has quantum well structure. 

[0084] In the semiconductor laser equipment which a barrier layer becomes from InGaN by the configuration of claim 19 
Since the interfacial resistance between the 1st lightguide layer and a cladding layer is larger than any of the interfacial 
resistance between the 1st lightguide layer and the 2nd lightguide layer, and the interfacial resistance between the 2nd 
lightguide layer and a cladding layer. Even if a current becomes easy to flow, the field, i.e., the stripe field, in which the 2nd 
lightguide layer is formed, and does not form a current block layer, it can carry out the constriction of the current to a 
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stripe field. 

[0085] Moreover, since InGaN is used for the 2nd lightguide layer, AIGaN is used for the cladding layer and the refractive 
index of the 2nd lightguide layer becomes larger than the refractive index of a cladding layer, the effective refractive index 
of a stripe field becomes higher than the effective refractive index outside a stripe field, and the stable single transverse 
mode oscillation can be obtained. 

[0086] In the semiconductor laser equipment which a barrier layer becomes from InGaN by the configuration of claim 20. 
to the wavelength of the laser beam by which the 2nd lightguide layer is oscillated by said barrier layer, since rt is 
transparent, generation of heat [ / near the barrier layer ] is controlled. 

[0087] Since it is formed so that, as for a barrier layer and the 2nd lightguide layer, the relation of X1>X2 may be 
materialized among XI and X2 of each mixed-crystal ratio by the configuration of claim 21 in the semiconductor laser 
equipment with which a barrier layer consists of InGaN, the 2nd lightguide layer becomes transparent to the wavelength of 
the laser beam oscillated by the barrier layer, and generation of heat [ / near the barrier layer ] is controlled. 
[O088] In the semiconductor laser equipment which a barrier layer becomes from InGaN by the configuration of claim 22 a 
barrier layer and the 2nd lightguide layer Since it is formed so that it may become the thickness to which the relation of 
X2 >=X1 >=0 is realized among XI and X2 of each mixed-crystal ratio, and the 2nd lightguide layer does the quantum 
effectiveness so, The 2nd lightguide layer becomes transparent to the wavelength of the laser beam oscillated by the 
barrier layer, and generation of heat [ / near the barrier layer ] is controlled. 

[0089] Since the oxide film is formed in the surface layer of the field which is in contact with the cladding layer in the 1st 
lightguide layer with the configuration of claim 23 in the semiconductor laser equipment with which a barrier layer consists 
of InGaN, interfaciat resistance between the 1st lightguide layer and a cladding layer can be made simply large to 
authenticity. 

[0090] By the configuration of claim 24. a barrier layer can control simple and generation of heat [ since it is transparent / 
to the wavelength of the laser beam by which it can enlarge certainly and the 2nd lightguide layer is oscillated by said 
barrier layer / near the barrier layer ] for the interfacial resistance between the 1st lightguide layer and a cladding layer in 
the semiconductor laser equipment which consists of InGaN. 

[0091] In the semiconductor laser equipment which a barrier layer becomes from InGaN by the configuration of claim 25 
The interfacial resistance between the 1st lightguide layer and a cladding layer Simple and since it can enlarge certainly, 
and a barrier layer and the 2nd lightguide layer are formed so that the relation of X1>X2 may be materialized among XI 
and X2 of each mixed-crystal ratio. The 2nd lightguide layer becomes transparent to the wavelength of the laser beam 
oscillated by said barrier layer, and can control generation of heat [ / near the barrier layer ]. 

[0092] In the semiconductor laser equipment which a barrier layer becomes from InGaN by the configuration of claim 26 
Interfacial resistance between the 1st lightguide layer and a cladding layer can be made simply targe to authenticity. A 
barrier layer and the 2nd lightguide layer Since it is formed so that it may become the thickness to which the relation of 
X2 >=X1 >=0 is realized among XI and X2 of each mixed-crystal ratio, and the 2nd lightguide layer does the quantum 
effectiveness so, The 2nd lightguide layer becomes transparent to the wavelength of the laser beam oscillated by said 
barrier layer, and can control generation of heat [ / near the barrier layer ]. 

[0093] In the semiconductor laser equipment which a barrier layer becomes from InGaN by the configuration of claim 27 
Since the interfacial resistance between the 1st lightguide layer and a cladding layer is larger than any of the interfacial 
resistance between the 1st lightguide layer and the 2nd lightguide layer, and the interfacial resistance between the 2nd 
lightguide layer and a cladding layer. Even if a current becomes easy to flow, the field, i.e., the stripe field, in which the 2nd 
lightguide layer is formed, and does not form a current block layer, it can carry out the constriction of the current to a 
stripe field. 

[0094] Moreover, since the relation of Z3>Z2 is materialized among Z2 and Z3 of each mixed-crystal ratio of the 2nd 
lightguide layer and a cladding layer and the refractive index of the 2nd lightguide layer becomes larger than the refractive 
index of a cladding layer, the effective refractive index of a stripe field becomes higher than the effective refractive index 
outside a stripe field, and the stable single transverse mode oscillation can be obtained. 

[0095] Moreover, to the wavelength of the laser beam oscillated by said barrier layer, since it is transparent, the 2nd 
lightguide layer can control generation of heat [ / near the barrier layer ]. 

[0096] By the configuration of claim 28, a barrier layer can control simple and generation of heat [ since it is transparent / 
to the wavelength of the laser beam by which it can enlarge certainly and the 2nd lightguide layer is oscillated by said 
barrier layer / near the barrier layer ] for the interfacial resistance between the 1st lightguide layer and a cladding layer in 
the semiconductor laser equipment which consists of InGaN. 

[0097] By the configuration of claim 29, since the barrier layer has quantum well structure, the reduction in a threshold 
and high increase in power of the semiconductor laser equipment of an InGaN system can be attained. 
[0098] Moreover, like claim 21, since the interfacial resistance between the 1st lightguide layer and a cladding layer is 
larger than any of the interfacial resistance between the 1st lightguide layer and the 2nd lightguide layer, and the 
interfacial resistance between the 2nd lightguide layer and a cladding layer, even if it does not form a current block layer, 
it can carry out the constriction of the current into a stripe field. 

[0099] Moreover, since InGaN is used for the 2nd lightguide layer and AIGaN is used for the cladding layer, the refractive 
index of the 2nd lightguide layer becomes larger than the refractive index of a cladding layer, and the single transverse 
mode stabilized according to the refractive-index guided wave device can obtain. 

[0100] In the semiconductor laser equipment of the InGaN system in which a barrier layer has quantum well structure by 
the configuration of claim 30, to the wavelength of the laser beam oscillated by said barrier layer, since it is transparent, 
the 2nd lightguide layer can control generation of heat [ / near the barrier layer ]. 
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[O101] In the semiconductor laser equipment of the InGaN system in which a barrier layer has quantum well structure by 
the configuration of claim 31, since the forbid den -band width efface of the 2nd lightguide layer is formed in the magnitude 
which does not absorb the wavelength of the laser beam oscillated by the barrier layer, the 2nd lightguide layer becomes 
transparent to the wavelength of the laser beam oscillated by the barrier layer, and generation of heat [ / near the barrier 
layer ] is controlled. 

[01 02] Since it is formed so that it may become the thickness to which the 2nd lightguide layer does the quantum 
effectiveness so by the configuration of claim 32 in the semiconductor laser equipment of an InGaN system with which a 
barrier layer has quantum well structure, the 2nd lightguide layer becomes transparent to the wavelength of the laser 
beam oscillated by said barrier layer, and can control generation of heat [ / near the barrier layer ] 

[01 03] S ince the oxide film is formed in the surface layer of the field which is in contact with the cladding layer in the 1st 
lightguide layer with the configuration of claim 33 in the semiconductor laser equipment of an InGaN system with which a 
barrier layer has quantum well structure, interfacial resistance between the 1st lightguide layer and a cladding layer can be 
made simply large to authenticity. 

[01 04] By the configuration of claim 34, a barrier layer can control simple and generation of heat [ since it is transparent / 
to the wavelength of the laser beam by which it can enlarge certainly and the 2nd lightguide layer is oscillated by said 
barrier layer / near the barrier layer ] for the interfacial resistance between the 1st lightguide layer and a cladding layer in 
the semiconductor laser equipment of the InGaN system which has quantum well structure. 

[0105] In the semiconductor laser equipment of the InGaN system in which a barrier layer has quantum well structure by 
the configuration of claim 35 The interfacial resistance between the 1st lightguide layer and a cladding layer Simple and 
since it can enlarge certainly and the forbidden-band width efface of the 2nd lightguide layer is formed in the magnitude 
which does not absorb the wavelength of the laser beam oscillated by the barrier layer. The 2nd lightguide layer becomes 
transparent to the wavelength of the laser beam oscillated by the barrier layer, and generation of heat [ / near the barrier 
layer ] is controlled. 

[0106] By the configuration of claim 36, a barrier layer can control simple and generation of heat [ it can enlarge certainly, 
since it is formed so that the 2nd lightguide layer may become the thickness which does the quantum effectiveness so, 
the 2nd lightguide layer becomes transparent to the wavelength of the laser beam oscillated by said barrier layer, and / 
near the barrier layer ] for the interfacial resistance between the 1st lightguide layer and a cladding layer in the 
semiconductor laser equipment of the InGaN system which has quantum well structure. 

[0107] By the configuration of claim 37, since the barrier layer has quantum well structure, the reduction in a threshold 
and high increase in power of the semiconductor laser equipment of an InGaN system can be attained. 
[0108] Moreover, like claim 21, since the interfacial resistance between the 1st lightguide layer and a cladding layer is 
larger than any of the interfacial resistance between the 1st lightguide layer and the 2nd lightguide layer, and the 
interfacial resistance between the 2nd lightguide layer and a cladding layer, even if it does not form a current block layer, 
it can carry out the constriction of the current into a stripe field. 

[0109] Moreover, since InGaN and AIGaN are used for the 2nd lightguide layer and cladding layer, the refractive index of 
the 2nd lightguide layer becomes larger than the refractive index of a cladding layer, and the single transverse mode 
stabilized according to the refractive-index guided wave device can obtain. 

[0110] Moreover, to the wavelength of the laser beam oscillated by said barrier layer, since it is transparent, the 2nd 
lightguide layer can control generation of heat [ / near the barrier layer ]. 

[0111] Since the oxide film is formed in the surface layer of the field which is in contact with the cladding layer in the 1st 
lightguide layer with the configuration of claim 38 in the semiconductor laser equipment of an InGaN system with which a 
barrier layer has quantum well structure, interfacial resistance between the 1st lightguide layer and a cladding layer can be 
made simply large to authenticity. 

[01 12] after forming the 2nd lightguide layer on the 1 st lightguide layer by the configuration of claim 39 — this — in order 
to etch the 2nd lightguide layer into stripe geometry, the 2nd stripe-like lightguide layer is formed on the 1st lightguide 
layer. 

[0113] Moreover, on the 2nd lightguide layer which consists of the 1st lightguide layer which consists of Gal -Yl AIYlAs, 
and Gal-Y2AIY2As In order to form a cladding layer so that it may consist of Gal-Y3AIY3As and the relation of Y3>Y2 
may be realized among Y2 and Y3 of each of said mixed-crystal ratio of Ga1-Y2AIY2As and Ga1-Y3AIY3As, The refractive 
index of the 2nd lightguide layer can be made larger than a cladding layer, an effective-refractive-index difference is 
formed within and without a stripe field, and a refractive-index guided wave device is acquired. 

[0114] Since it has the process which oxidizes the surface layer of the field in which the 2nd lightguide layer in the 1st 
lightguide layer is not formed of the configuration of claim 40, the semiconductor laser equipment which has an oxide film 
in the surface layer of the field which is in contact with the cladding layer in the 1st lightguide layer can be formed 
certainly. 

[01 15] after forming the 2nd lightguide layer on the 1st lightguide layer by the configuration of claim 41 — this — in order 
to etch the 2nd lightguide layer into stripe geometry, the 2nd stripe-like lightguide layer is formed on the 1st lightguide 
layer. 

[0116] Moreover, in order to form the cladding layer which consists of AIGaN on the 2nd lightguide layer which consists of 
the 1st lightguide layer and InGaN which consist of AIGaN. the refractive index of the 2nd lightguide layer can be made 
larger than the refractive index of a cladding layer, an effective-refractive-index difference is formed within and without a 
stripe field, and a refractive-index guided wave device is acquired. 

[0117] Since it has the process which oxidizes the surface layer of the field in which the 2nd lightguide layer in the 1st 
lightguide layer is not formed of the configuration of claim 42, the semiconductor laser equipment which has an oxide film 
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in the surface layer of the field which is in contact with the cladding layer in the 1st lightguide layer can be formed 
certainly. 

[0118] after forming the 2nd lightguide layer on the 1st lightguide layer by the configuration of claim 43 — this — in order 
to etch the 2nd lightguide layer into stripe geometry, the 2nd stripe-like lightguide layer is formed on the 1st lightguide 
layer. 

[0119] Moreover, on the 2nd lightguide layer which consists of the 1st lightguide layer which consists of AI21Ga1-Z1N, 
and In22Ga1-Z2N In order to form a cladding layer so that it may consist of AI23Gal-23N and the relation of 23>22 may 
be materialized among 22 and 23 of each mixed-crystal ratio of said 2nd lightguide layer and a cladding layer. The 
refractive index of the 2nd lightguide layer can be made larger than the refractive index of a cladding layer, an effective- 
refractive-index difference is formed within and without a stripe field, and a refractive-index guided wave device is 
acquired. 

[0120] Since it has the process which oxidizes the surface layer of the field in which the 2nd lightguide layer in the 1st 
lightguide layer is not formed of the configuration of claim 44, the semiconductor laser equipment which has an oxide film 
in the surface layer of the field which is in contact with the cladding layer in the 1st lightguide layer can be formed 
certainly. 
[0121] 

[Example] Hereafter, one example of this invention is explained, referring to a drawing. 

[0122] Drawing 1 is the sectional view of the semiconductor laser equipment concerning the 1st example of this invention. 
Buffer layer 2A (0.5 micrometers in thickness) of n mold which consists of GaAs is formed on semi-conductor substrate 
lA of n mold which consists of GaAs. Cladding layer 3A (1.5 micrometers in thickness) of n mold which consists of GaO.5 
aluminumO.5 As is formed on buffer layer 2A. Barrier layer 4A (0.04 micrometers in thickness) which consists of 
Ga0.85aluminum0.15As is formed on cladding layer 3A. 1st lightguide layer 5A (0.1 micrometers in thickness) of p mold as 
1st semi-conductor layer which consists of GaO.5 aluminumO.5 As is formed on barrier layer 4A. 2nd lightguide layer 6A 
(20nm in thickness) of p mold as 2nd semi-conductor layer of the shape of a stripe which consists of GaO.8 aluminumO.2 
As is formed on 1st lightguide layer 5A. On 1st lightguide layer 5A and 2nd lightguide layer 6A, embedding cladding layer 
7A (1.5 micrometers in thickness) of p mold as 3rd semi-conductor layer which consists of GaO.5 aluminumO.5 As with a 
re-grown method is formed. Contact layer 8A (2 micrometers in thickness) which consists of GaAs is formed on 
embedding cladding layer 7A. 

[0123] In this case, in order to obtain the stable single transverse mode oscillation, the refractive index of 2nd lightguide 
layer 6A is formed more highly than the refractive index of embedding cladding layer 7A. In the 1 example, it has 

realized by embedding the AlAs mixed-crystal ratio of 2nd lightguide layer 6A. and making it lower than the AlAs mixed- 
crystal ratio of cladding layer 7A. 

[0124] The AlAs mixed-crystal ratio of 2nd lightguide layer 6A embeds, the refractive index of the stripe field according 
that it is the same as that of the mixed-crystal ratio of cladding layer 7A to the plasma effectiveness falls, it becomes the 
waveguide of an anti guide, and a single transverse-mode oscillation is not obtained. Furthermore, the AlAs mixed-crystal 
ratio of 2nd lightguide layer 6A embeds, and in being higher than the mixed-crystal ratio of cladding layer 7A, a 
transverse-mode oscillation becomes very unstable. In the **** 1 example, the AlAs mixed-crystal ratio of 2nd lightguide 
layer 6A is fully lower than the AlAs mixed-crystal ratio of embedding cladding layer 7A. and is set as 0.2. 
[0125] Drawing 2 shows an example of the numerical calculation result of the effective-refractive-index difference (deltan) 
of stripe inside and outside. When the mixed-crystal ratio of embedding cladding layer 7A used to the light of the 
wavelength of 780nm band used for an optical disk is 0.5, the mixed-crystal ratio (Y2) of 2nd lightguide layer 6A is set to 
0.2 and the thickness is set to about 20nm, it turns out that sufficient effective-refractive-index difference deltan=7x10-3 
to acquire refractive-index guided wave structure are obtained. Thus, in the 1st example, the design of 2nd very thin 
lightguide layer 6A is attained by setting up suitably the AlAs mixed-crystal ratio of 2nd lightguide layer 6A. For this 
reason, most level differences of etching of a stripe field are lost, and the problem of a fall of the yield resulting from side 
etch etc. is not produced. Dispersion in stripe width of face is actually reduced by very small extent of the mask width of 
face by the photolithography process. Moreover, since the level difference of etching is small, semiconductor laser 
equipment with a flat front face is easily realizable. 

[0126] Although over-etching arises a little in the depth direction as an etching reagent when using the liquid of non- 
selectivity, such as a tartaric acid and a sulfuric-acid system When it embeds with the AlAs mixed-crystal ratio of 1st 
lightguide layer 5A and the AlAs mixed-crystal ratio of cladding layer 7A is made the same, effective-refractive-index 
difference deltan As long as etching has stopped within 1st lightguide layer 5A, it does not change, but the semiconductor 
laser equipment which has the same property with sufficient repeatability in lot-to-lot or a wafer side is obtained. In the 
1st example, since the thickness of 1st lightguide layer 5A is set as 0.1 micrometers and it is carrying out by 10 times the 
thickness of 2nd lightguide layer 6A, even if it uses the etching reagent of non-selectivity, etching can be certainly 
suspended within 1st lightguide layer 5A. 

[0127] Next, the principle of a current constriction is explained. The current constriction into a stripe field is easily 
realizable by embedding with 1st lightguide layer 5A. embedding the interfacial resistance between cladding layer 7A with 
2nd lightguide layer 6A, embedding it with the interfacial resistance between cladding layer 7A. and 2nd lightguide layer 6A, 
and making it higher enough than the interfacial resistance between cladding layer 7A. In the 1st example, it has realized 
by making the AlAs mixed-crystal ratio of 1st lightguide layer 5A higher enough than the AlAs mixed-crystal ratio of 2nd 
lightguide layer 6A. That is, with the ingredient of a GaAIAs system, when a front face is exposed into atmospheric air so 
that an AlAs mixed-crystal ratio becomes high, many defective level resulting from oxidation of aluminum is introduced. 
Therefore, if re-growth is performed to the high semi-conductor substrate of an AlAs mixed-crystal ratio, the crystallinity 
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of the interface of re-growth will worsen and the resistance in this interface will essentially become high. 
[0128] Drawing 3 shows the experimental result of the current- voltage characteristic over the AlAs mixed-crystal ratio of 
a semi-conductor substrate front face searched for by experiment The semi-conductor substrate used for the 
experiment removes 2nd lightguide layer 6A in the semiconductor laser equipment shown in drawing 1 , and changes the 
AlAs mixed-crystal ratio (Y1) of 1st lightguide layer 5A. namely, a 1st lightguide layer 5A top — MOCVD — re-growth by 
law is performed. It turns out with increase of an AlAs mixed-crystal ratio that an electrical potential difference becomes 
high. Especially, formation of a potential barrier Is seen for an AlAs mixed-crystal ratio with a raise in resistance of an 
interface or more by 0.5, and a DIP is looked at by the standup of an electrical potential difference. Here, since the driver 
voltage of semiconductor laser is about 2V at most, a current will not flow in the field in which the DIP beyond it is 
formed. That is, in the 1st example, the current constriction into a stripe field is realized by setting the AlAs mixed-crystal 
ratio of 1st lightguide layer 5A to 0.5, and setting the AlAs mixed-crystal ratio of 2nd lightguide layer 6A to 0.2 using the 
above phenomenon. In order to perform current impregnation into a stripe field without the problem of an interface good at 
this time, as for the AlAs mixed-crystal ratio of 2nd lightguide layer 6A, it is desirable that it is 0.3 or less. 
[0129] Since an interface forms 1st lightguide layer 5A into high resistance so that a mixed-crystal ratio is high so that 
clearly from drawing 3 , the higher one of a mixed-crystal ratio can perform a current constriction certainly. However, 
when a mixed-crystal ratio is made not much high, there are bad influences, such as a rise of the oscillation threshold by a 
refractive index becoming small too much, the effect of the optical distribution on the perpendicular direction in a double 
heterojunction becoming large, the light of barrier layer 4A shutting up and a multiplier becoming small. Moreover, in order 
for the 1st lightguide layer 5A itself to form high resistance, the resistance in a stripe field also rises. If the mixed-crystal 
ratio of 1st lightguide layer 5A exceeds 0.7, specifically, implementation of the semiconductor laser of a good property will 
become difficult by the aforementioned bad influence. 

[0130] Then, in order to prevent the aforementioned bad influence, performing a current constriction more certainly, it is 
desirable to form at least one-layer GaAIAs layer between 1st lightguide layer 5A and barrier layer 4A. That is, one 
GaAlAs layer is added to the bottom of 1st lightguide layer 5A, and the mixed-crystal ratio of the GaAIAs layer high 
[ more ] and added [ the mixed-crystal ratio of 1st lightguide layer 5A ] is set up low. For example, if the mixed-crystal 
ratio of the added GaAIAs layer is set to 0.5 while setting the mixed-crystal ratio of 1st lightguide layer 5A to 0,8, a more 
positive current constriction is realizable. The thickness of the GaAIAs layer added at this time can perform a current 
constriction certainly by the high mixed-crystal ratio of an interface, preventing the aforementioned bad influence by 
nnaking it the thickness of extent (0.01 micrometers or less) which does not affect optical distribution. Although the 
mixed-crystal ratio of the added GaAiAs layer is set up here lower than 1st lightguide layer 5A, the mixed-crystal ratio 
comparable as cladding layer 3A usual from the need of confining a carrier in barrier layer 4A is required. That is, it is 
necessary to make it a mixed-crystal ratio which generally serves as forbidden-band width efface bigger 0.3eV or more 
than the forbidden-band width efface of barrier layer 4A. 

[0131] In addition, it is also an effective approach to make it the same effectiveness, i.e., a high interfacial resistance 
value, and the thickness which does not affect optical distribution by carrying out the GaAIAs layer prepared between 1st 
lightguide layer 5A and barrier layer 4A more than two-layer, and combining the mixed-crystal ratio and thickness of each 
class suitably. 

[0132] Moreover, the phenomenon mentioned above is seen, not only a GaAIAs system but the ingredient system 
containing other aluminum, for example, an InGaAlP system, and the same current constriction is possible for it. 
[0133] Moreover, although only the case of the oxidation phenomenon of aluminum was explained, also in other 
semiconductor materials (the ingredient which does not contain aluminum, for example, an InP system, an InGaAsP 
system, ZnSe system), the same current constriction is realizable in the 1st example, by oxidizing compulsorily 1st 
lightguide layer 5A of the front face of the semi-conductor substrate 1. That is, after masking 2nd lightguide layer 6A in 
the shape of a stripe and etching it it is, and before removing a mask, an oxidizing zone can be formed in the surface layer 
of the field which is in contact with embedding cladding layer 7A in 1st lightguide layer 5A by exposing 1st lightguide layer 
5A into an oxygen ambient atmosphere, and oxidizing 1st lightguide layer 5A. If the vapor growth which is the crystal 
growth in non-equilibrium is used unlike the liquid phase grown method which is the crystal growth in a thermal equilibrium 
state, since the crystal grows in half— compulsion, crystal growth is possible also on the semi— conductor substrate 1 with 
which the oxide film was formed somewhat. Of course, also in the system containing aluminum, in order to embed with 1st 
lightguide layer 5A outside a stripe field, to make high interfacial resistance between cladding layer 7A and to make a 
current constriction into fitness more, vapor growth may be used. Stabilization between processes can be attained by this 
approach. 

[0134] Moreover, in this structure, the current poured in from GaAs contact layer 8A of p mold is shut up in a stripe field, 
and the laser oscillation of 780nm band produces it in barrier layer 4A which consists of GaO.85aluminumO.15As of the 
stripe field bottom. Moreover, it ts a real refractive -index guided wave mold, and since there is also no scattering loss by 
the side face of a barrier layer being etched like BH structure, the small semiconductor laser equipment of the low 
operating current of an internal loss is obtained. 

[0135] Furthermore, with this structure, by changing the thickness of each class, since it is possible, small formation of 
effective-refractive-index difference deltan can also extend a laser beam outside a stripe field, and can obtain the 
semiconductor laser equipment of a low noise easily by forming a spectrum into the many modes. 

[0136] Drawing 4 shows the experimental result of the relation of the spectral characteristics and the structure parameter 
in the 1st example of this invention. In wavelength the band of 780nm, it turns out in the large fteld of the thickness (deca) 
of barrier layer 4A, and the thickness (dp) of 1st lightguide layer 5A that multimode oscillation is obtained. In this case, the 
thickness of 2nd lightguide layer 6A for making effective-refractive-index difference deltan small, and making it form into 
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the many modes is lOnm. By producing semiconductor laser equipment in such range, the semiconductor laser equipment 
of a low noise used for CD etc. is easily realizable. 

[0137] however, every which can guide light — as an impurity often conventionally used for GaO.5 aluminumO.5 As cladding 
layer 3A of n mold in a GaAIAs layer, i.e., the 1st example With a liquid phase grown method, Te is added, and when Se is 
added, the saturable absorption effectiveness is caused at metal-organic chemical vapor deposition (MOCVD law) by the 
optical consistency of the dominant mode which these impurities serve as DX pin center.large in GaAIAs, and is oscillated 
by several mW to dozens of mW. For this reason, a loss grating is formed to the standing wave of the dominant mode 
currently oscillated, and other modes other than the dominant mode currently oscillated are oppressed, and it results in 
raising single mode nature. 

[0138] In order to solve this problem, in the 1st example. Si is added as an impurity on each class of GaAIAs which can 
guide light. A loss grating is hardly formed to the dominant mode to which light absorption is saturating for it and 
oscillating Si by the very low optical consistency since the activation energy of thermal capture of the carrier between DX 
center level in GaAIAs and a conduction band and emission differs from Te and Se. Therefore, there is no problem by 
which the many mode nature of a spectrum is spoiled, and low noise-ization becomes easy. It is effective, also in case 
using Si forms a spectrum into the many modes by RF superposition and low noise-ization is attained for the same reason. 
That is, although the approach of superimposing high frequency on the operating current and forming a spectrum into the 
many modes has been conventionally used in order to attain low noise-ization in the structure of the semiconductor laser 
equipment which enlarged effective refractive index difference deltan horizontal to junction, and made the spectrum of 
oscillation mode the single mode, compared with the case where it is Te and Se in which the loss grating is formed, a 
spectrum forms [ the direction of Si ] the many modes easily, and a low noise property can be realized. 
[0139] Hereafter, based on drawing 5 (a), (b), and (c). the manufacture approach of the semiconductor laser equipment 
concerning the 1st example is explained. 

[0140] As shown in drawing 5 (a), on semi-conductor substrate 1A of n mold which consists of GaAs first, with MOCVD or 
an MBE grown method Buffer layer 2A (thickness. 0.5 micrometers) of n mold which consists of GaAs, cladding layer 3A of 
n mold which consists of GaO.5 aluminumO.5 As (in thickness) Barrier layer 4A which consists of 1.5 micrometers and 
GaO.85aluminumO.15As (in thickness) Sequential formation of 1st lightguide layer 5A (thickness, 0.1 micrometers) of p mold 
which consists of 0.04 micrometers and GaO.5 aluminumO.5 As, and the 2nd lightguide layer 6A (thickness. 20nm) of p mold 
which consists of GaO.8 aluminumO.2 As is carried out. As an AlAs mixed-crystal ratio of 2nd lightguide layer 6A. re- 
growth carries out to 0.3 or less [ easy ]. and it is desirable that it is a transparent mixed-crystal ratio to a laser beam. 
Even if it is very a film, it is because there is a possibility of producing absorption of a laser beam leading to generation of 
heat [ / near the barrier layer 4A ]. and checking the high increase in power and reinforcement of semiconductor laser 
equipment From this point, the value of 0.2 which is a value larger enough as an AlAs mixed-crystal ratio of 2nd lightguide 
layer 6A only from the design of effective-refractive-index difference deltan than 0.15 which is the AlAs mixed-crystal 
ratio of barrier layer 4A is used in the 1st example. 

[0141] Here, thickness of barrier layer 4A and thickness of 1st lightguide layer 5A are made into the thickness it is thin to 
effective-refractive-index difference deItan=5x10-3 in order to obtain the stable single transverse mode. Although 
especially the conductivity type of barrier layer 4A is not indicated, it may be p mold, or may be n mold, or. of course, you 
may be und oping. 

[0142] Next, as shown in drawing 5 (b). a stripe-like mesa is formed by etching using a photolithography technique, since 
the thickness of 1st lightguide layer 5A is 20nm, even if the depth of etching has side etch,' at most it comes out to that 
extent and is, and etching dispersion of a stripe field is hardly generated. When the design of stripe width of face is set to 
2.0 micrometers, dispersion in the stripe width efface of the actually manufactured semiconductor laser equipment is set 
to **0.1 micrometers or less, and is remarkably reduced compared with **0.3-**0.5 micrometers of dispersion of the 
conventional semiconductor laser equipment shown in drawing 9 - drawing 12 . 

[0143] In addition, in order to control the etching depth certainly, it is also desirable to use the etchant which etches 
alternatively only 2nd lightguide layer 6A with a low mixed-crystal ratio. Etching is certainly controllable by this approach 
on 1st lightguide layer 5A with a high mixed-crystal ratio. About the controllability of the stripe width efface in this case, 
since the depth of etching is very shallow, dispersion in the amount of side etch is small, and etching dispersion of stripe 
width of face is hardly produced. As an example of concrete etchant the etchant by the suitable combination of the 
tartaric acid of an organic-acid system, a lactic acid, hydrogen peroxide solution, and water is mentioned. 
[0144] Next, as shown in drawing 5 (c). sequential formation of the contact layer 8A of p mold which consists of 
embedding cladding layer 7A of the P type which consists of GaO.5 aluminumO.5 As, and GaAs with MOCVD or an MBE 
*grown method is carried out with a re-grown method. At this time, in the stripe field to which a current flows, since it 
becomes the growth on 2nd lightguide layer 6A which consists of GaO.8 aluminum0.2As of low p mold of an AlAs mixed- 
crystal ratio, it can grow up easily. However, when using Zn for the dopant of cladding layer 7A which consists of GaO.5 
aluminumO.5 As of p mold, an internal loss increases by diffusion under growth of Zn, and it may have a bad influence on 
the temperature characteristic in a current-optical output property. Especially, in the case of the barrier layer of quantum 
well structure, there is a problem which disordering of the quantum well by diffusion produces. In order to prevent this, at 
least, carrier concentration of the layer of p mold in a re-growth interface needed to be made or less [ 1018cm - ] into 
three, and it was referred to as 7x101 7cm-3 in the **** 1 example. 

[0145] It is desirable to use the carbon whose diffusion is few dopants for the dopant of cladding layer 7A which consists 
of GaO.5 aluminumO.5 As of p mold as a fundamental cure. By using carbon as a dopant the property which was excellent 
in temperature dependence in the current-optical output property can be acquired. 

[0146] Next an electrode is formed in contact layer 8A of p mold which consists of semi— conductor substrate 1 A of n 
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mold which consists of GaAs, and GaAs, respectively. 

[0147] In addition, although the AlAs mixed-crystal ratio of 2nd lightguide layer 6A is made larger than the AlAs mixed- 
crystal ratio of barrier layer 4A in order to make 2nd lightguide layer 6A into transparence to a iaser beam, it may replace 
with this and you may make it be a degree in said 1st example. That is, while making the AlAs mixed-crystal ratio of 2nd 
lightguide layer 6A on a par with the AlAs mixed-crystal ratio of barrier layer 4A, and low, it can be made so thin that the 
quantunn effectiveness produces the thickness of 2nd lightguide layer 6A, and can also be made transparence to a laser 
beam. 

[0148] Drawing 6 shows a count result when 2nd lightguide layer 6A produces the quantum effectiveness. An axis of 
ordinate is the value which converted into wavelength the energy between bands obtained according to the quantum 
effectiveness of 2nd lightguide layer 6A. If thickness is 3nm or less even if 2nd lightguide layer 6A is GaAs (Y2=0) like said 
1st example in semiconductor laser equipment at the time of the oscillation wavelength of 780nm, it turns out that 2nd 
lightguide layer 6A becomes transparent according to the quantum effectiveness. In this case, since the AlAs mixed- 
crystal ratio of 2nd lightguide layer 6A can be low set up compared with the 1st example of drawing 1 , the crystallinity of 
the re-growth interface in a stripe field becomes fitness more, and can attain stabilization of a re-growth process. 
Moreover, the thickness of 2nd lightguide layer 6A becomes thin when [ this ] acquiring the quantum effectiveness, but 
since the AlAs mixed-crystal ratio of 2nd lightguide layer 6A is made quite low (a refractive index is ), effective- 
refractive-index difference deltan required for a refractive-index guide is securable. 

[0149] Moreover, in said 1st example, although only the case where low GaAIAs of an AlAs mixed-crystal ratio was used 
for 2nd lightguide layer 6A was shown, GaAs and other ingredients which can carry out lattice matching are sufficient. 
However, in order to control light absorption, as for 2nd lightguide layer 6A. it is desirable to have larger forbidden-band 
width of face than the wavelength of a laser beam. For example, 2nd lightguide layer 6A which consists of InO.5 GaO.5 P 
may be used. The same property is acquired at this time. 

[0150] Moreover, In1-X GaX AsY P1-Y Even if it uses 2nd becoming lightguide layer 6A. the same property as the above 
is acquired. In this case, in order to take GaAs and lattice matching, X and Y need to fill the relation of 0 189Y- 
0.41 8X+0.01 3XY+0.1 27=0. 

[0151] Moreover, since the forbidden-band width of face of 2nd lightguide layer 6A needs to be larger than the energy (E) 
of the wavelength of a laser beam, it is desirable to satisfy the relation of 1.35+0.672X-1.601 Y+0 758X2+0 101Y2-0 157XY- 
0.312X2 Y+0.109XY2 >E. 

[0152] Moreover, 2nd lightguide layer 6A which consists of InO.5 0.5 (Ga1-X AIX) P may be used. In this case, it is not 
concerned with X. but forbidden-band width of face becomes larger than the wavelength of a laser beam, and can also 
take lattice matching. However, since there is a problem of oxidation when X is too large, it is desirable that it is X< 0.3. 
[0153] Furthermore, in order to attain the reduction in a threshold and high increase in power of semiconductor laser 
equipment, it is effective to use quantum well structure. That is, it is desirable to use quantum well structures, such as 
single KANTAMU well (SQW) structure, double KANTAMU well (DQW) structure, triple KANTAMU well (TQW) structure, 
green (GRIN) structure, or its separate confinement hetero structure (SGH) structure, for barrier layer 4A. 
[0154] Drawing 7 (a) is the property Fig. of the current-optical output in the semiconductor laser equipment concerning 
the 1st example shown in drawing 1 . As a result of performing coating of 10% of front end sides, and 75% of back end 
sides to semiconductor laser equipment of 400 micrometers of cavity length, the property with a threshold [ of 20mA ] and 
a slope effectiveness of 0.9mW [/mA ] of the low consumed electric current was acquired. The transverse mode and the 
longitudinal mode were single modes stabilized in the wavelength of 780nm. 

[0155] Hereafter, the low noise property in the semiconductor laser equipment concerning the 1st example is explained. 
Cavity length makes 32% 200 micrometers and an end-face reflection factor. For the reduction in a noise, they may be 
da=0.04micrometer and dp=0.22micrometer from drawing 4 . An operating current value required at a room temperature to 
emit a 3mW laser beam is 25mA. The transverse mode was oscillated by the stable basic mode. The spectrum is oscillated 
in the many modes which produce the self-pulsation of 780nm band, the value of the relative intensity noise (RIN) of -130 
dB/Hz has been acquired within the limits of 0 - 10% of optical feedback ratio, and the low noise property was acquired. 
[0156] Hereafter, the case where quantum well structure is used for barrier layer 4A for high-performance-izing of 
semiconductor laser equipment is explained. That is, by making barrier layer 4A into quantum well structure, a threshold 
can be reduced further and high power is obtained. Drawing 7 (b) shows the current-optical output property when using 
the multi-KANTAMU well (MOW) structure which consists of a five-layer barrier layer which consists of GaO.7 
aluminumO.3 As with a well layer of four layers which consists of GaO.95aluminumO.05As with a thickness of lOnm which 
oscillates the laser beam of 780nm band as quantum well structure, and a thickness of 4nm. In the semiconductor laser 
equipment which performed to 400 micrometers of cavity length, and a front face 10%, and performed 75% of coating on 
the rear face, the optical output 200mW or more is realizable. 

[0157] In addition, in said 1st example, although only the case where the thing of n mold was used as semi-conductor 
substrate 1A was shown, the thing of p mold may be used for semi-conductor substrate 1 A. Conventionally, since a 
current block layer was used with structure, there was a limit by the diffusion length of a carrier, and since formation of 
the current block layer of p mold to diffusion length's long electron was difficult, by the vapor growth which forms a 
current block layer on a barrier layer, only the semi-conductor substrate of n mold was able to be used practical. This was 
an important problem from a viewpoint of the cost of the heat sink of semiconductor laser in the anticipated use which 
uses a package as a minus terminal. That is. in order that semiconductor laser may raise heat dissipation nature, the side 
which usually has the p-n junction which is the exoergic section is turned down, and it mounts on a heat sink, but a 
package will be added, unless the field mounted serves as p mold and a polarity is reversed in a heat sink, when a semi- 
conductor substrate is n mold. For this reason, the conventional heat sink needed to perform polarity reversals in Si heat 
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sink which attached the insulator layer, or the electrode pattern on SiC. For this reason, there was a fault which will 
become high [ in cost ] naturally. However, since the thing of p mold can be used for semi-conductor substrate 1 A 
according to this invention, while the problem of said package is solvable, the semiconductor laser equipment of the high 
yield can be realized. 

[0158] It explains referring to drawing 8 about the semiconductor laser equipment concerning the 2nd example of this 
invention hereafter. Barrier layer 4B consists of InGaN, and the semiconductor laser equipment concerning the 2nd 
example oscillates a blue laser beam. 

[0159] As drawing 8 shows the cross-section structure of the semiconductor laser equipment concerning the 2nd example 
and shows it in this drawing Buffer layer 2B which consists of GaN on insulating substrate IB which consists of sapphire, 
Cladding layer 38 which consists of the 2nd contact layer 9 which consists of GaN of n mold, and AIGaN of n mold. 
Contact layer 8of ** 1st which consists of GaN of cladding layer 7B and p mold by embedding which consists of AIGaN of 
barrier layer 4B [ which consists of InGaN ]. 1st lightguide layer 5B [ which consists of AIGaN of p mold ], 2nd lightguide 
layer 6B [ which consists of InGaN of p mold ], and p mold B is formed. An electrode is formed, respectively on the 2nd 
contact layer 9 exposed by 1st contact layer 8B and etching. 

[0160] Hereafter, the production approach of the semiconductor laser equipment concerning said 2nd example is 
explained. 

[0161] First, after forming buffer layer 2B which becomes the bottom of about 500-degree 0 low temperature from GaN 
by vapor growth on substrate IB which consists of sapphire, sequential formation of the 2nd contact layer 9, cladding 
layer 3B, barrier layer 4B, 1st lightguide layer 5B. and the 2nd lightguide layer 6B is carried out by vapor growth under an 
elevated temperature 1000 degrees C or more. Next, after carrying out wet etching of the guide layer 6B of the 2nd light 
to the shape of a stripe, it embeds under an elevated temperature again on 1st lightguide layer 5B and 2nd lightguide layer 
6B. and sequential formation of cladding layer 7B and the 1st contact layer 8B is carried out by vapor growth. Next, in 
order to expose the field which forms the electrode in the 2nd contact layer 9, etch, n mold electrode is formed on the 
2nd exposed contact layer 9 until the 2nd contact layer 9 is exposed, and p mold electrode is formed on 1st contact layer 
8B. respectively. 

[0162] In addition, in **** 2 example, although sapphire was used as an ingredient which constitutes substrate IB, it may 
replace with this and other ingredients, such as MgO, SiC. GaAs, and Si, may be used. Of course, in the future, if the 
substrate which consists of GaN is realized, it is desirable to use the substrate which consists of GaN. 
[0163] Moreover, the thickness of each class of cladding layer 3B. barrier layer 4B, 1st lightguide layer 5B. and 2nd 
lightguide layer 6B is almost comparable as the case of the 1st example of the above-mentioned GaAIAs system. 
[0164] Moreover, in crystal growth, since the difference of some lattice constants exists between each class, the layer 
which makes a lattice strain ease may be prepared between each class. It is desirable to specifically prepare a film to 
which the presentation is gradually changed between each class with vapor growth. 

[0165] In the 2nd example shown in drawing 8 . since 1st lightguide layer 5B is an ingredient containing aluminum, the 
defect accompanying the natural oxidation by exposing a front face into atmospheric air will be introduced into the front 
face, when it embedded with the re-grown method and cladding layer 7B was formed on 1st lightguide layer 5B which 
carried out natural oxidation, the interfacial resistance between 1st lightguide layer 5B and cladding layer 7B was formed 
on 2nd lightguide layer 6B which does not contain aluminum — embedding — cladding layer 7B — this — it becomes 
larger than the interfacial resistance between 2nd lightguide layer 6B. That is, the current poured in from 1st contact layer 
8B can realize a current constriction, even if it will flow to barrier layer 4B and a current block layer does not exist, only 
by passing along 2nd lightguide layer 6B formed in the shape of a stripe. It is desirable to introduce the process which 
oxidizes the front face of 1st lightguide layer 5B in the field which does not exist 2nd lightguide layer 6B in a process here. 

[0166] Moreover, the refractive index of 2nd lightguide layer 6B which consists of InGaN consists of AIGaN, is embedded, 
and since it is larger enough than the refractive index of cladding layer 7B. real refractive-index guided wave structure is 
acquired, and it can realize the semiconductor laser equipment of a single mode. 

[01 67], By the way, in case unlike the crystal of a GaAs system the crystal of the GaN system formed by the crystal 
growth method is a hexagonal crystal and is etched, it poses a problem. That is, unlike the case of the GaAs system which 
is a cubic, the etching side when carrying out wet etching to the shape of a stripe will not be formed in an order mesa 
configuration with the easy re-growth without irregularity, but a field with the convex followed very much will appear. It 
has irregularity. Thus, for the reasons of great loss of waveguide arising, if irregularity is in that a good crystal cannot grow 
on the field which has irregularity, and the stripe field which becomes a part of waveguide, it has a current block layer and 
etching was not able to use the layer of a GaN system for a required layer in the semiconductor laser equipment of 
structure conventionally [ need / about 1 micrometer / deep / to be etched ]. However, according to the 2nd example, the 
thickness of 2nd lightguide layer 6B is about 20nm, a stripe field can be formed by very shallow etching, and the 
irregularity formed in the side face of a stripe field hardly affects the process and property of semiconductor laser 
equipment. 

[0168] As for 2nd lightguide layer 6B, it is desirable that it is transparent to the wavelength of the laser beam emitted from 
barrier layer 4B. It is because absorption of the laser beam in 2nd lightguide layer 6B serves as generation of heat [ / near 
the barrier layer 4B ] and a bad influence is done to the life of semiconductor laser equipment. Generally, forbidden-band 
width of face of 2nd lightguide layer 6B is made larger than the energy of wavelength. That is, it is made for the relation of 
X1>X2 to be materialized among XI and X2 in each mixed-crystal ratio of 2nd lightguide layer 6B expressed with barrier 
layer 4B expressed with InXlGal-XIN, and InX2Ga1-X2N. However, even if it is XI <=X2, extent [ extent from which 2nd 
lightguide layer 6B becomes transparence to the energy of the wavelength of a laser beam even if it is the case where it is 
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set to XI <=X2 1 i.e., when the thickness of 2nd lightguide iayer 6B is thin to extent which does the quantum well 
effectiveness so, it does not interfere. In this case, the level difference in etching becomes still smaller, and a process 
becomes easier. 

[0169] In addition, as an ingredient of 2nd lightguide layer 6B, it may not be restricted to InGaN, for example. AIGaN which 
is the same ingredient as embedding cladding layer 7B is sufficient In this case, the difference in the lattice constant by 
the difference in an ingredient becomes small, crystal growth becomes easier, and a good crystal can be grown up. 
Moreover, since the AIGaN of forbidden-band width of face is larger than InGaN, 2nd lightguide layer 6B always becomes 
transparence to a laser beam. However, since the refractive index of 2nd lightguide layer 6B embeds and to be larger than 
the refractive index of cladding layer 7B is demanded in order to acquire real refractive-index guided wave structure It is 
necessary to form the relation of Z3>22 among Z2 and Z3 in each mixed-crystal ratio of embedding cladding layer 7B 
expressed with 2nd lightguide layer 6B expressed with AIZ2Gal-Z2N. and AIZ3Ga1-Z3N. 

[01 70] Moreover, for a current constriction, it is desirable that scaling of the direction of 1st lightguide layer 5B is easy to 
be carried out rather than 2nd lightguide layer 6B. For this reason, the mixed-crystal ratio of the 1st lightguide layer 
expressed with AlZIGal-ZIN is set to Z1>Z2. 

[0171] Furthermore, the semiconductor laser equipment which oscillates the blue laser beam of high power with a low 
threshold more is realizable by making barrier layer 4B into quantum well structure. As the structure, structures, such as 
single KANTAMU well (SQW) structure, double KANTAMU well (DQW) structure, triple KANTAMU well (TOW) structure, 
green (GRIN) structure, or its separate confinement hetero structure (SCH) structure, are used for the weil layer and 
barrier layer of quantum well structure using InN or InGaN. 

[0172] Also in this case, one with desirable 2nd lightguide layer 6B being transparent to the wavelength of a laser beam is 
the same as that of the above. Moreover, when 2nd lightguide layer 6B is formed by AIGaN, in order to acquire real 
refractive-index guided wave structure and a current constriction device, the same is said of the aforementioned relation 
being the need between each mixed-crystal ratio of 1st lightguide layer 5B, 2nd lightguide layer 6B. and embedding 
cladding layer 7B. 
[01 73] 

[Effect of the Invention] According to the semiconductor laser equipment concerning invention of claim 1, since the 
interfacial resistance between the 1st semi-conductor layer and the 3rd semi-conductor layer is larger than any of the 
interfacial resistance between the 1st semi-conductor layer and the 2nd semi-conductor layer, and the interfacial 
resistance between the 2nd semi-conductor layer and the 3rd semi-conductor layer. Even if it does not form a current 
block layer, the constriction of the current can be carried out to a stripe fteld by the 2nd thin and uniform semi-conductor 
layer formed, for example of vapor growth. Therefore, since deep etching for forming a current block layer becomes 
unnecessary and formation of a stripe field is attained by shallow etching for forming the 2nd semi-conductor layer, 
dispersion in stripe width of face becomes remarkably small, and the semiconductor laser equipment of the real refractive- 
index guided wave mold of a low operating current value can be realized to low cost and the high yield. 
[0174] Especially this invention is very effective when deep etching produces the semiconductor laser equipment of the 
GaN system which is a difficult hexagonal ingredient. The ingredient of a GaN system has wide forbidden-band width of 
face, and since it is applied to the semiconductor laser equipment which oscillates a blue laser beam, the laser light source 
of the pickup to the high density optical disk which records Hi-Vision image information etc. becomes realizable by this 
invention. 

[0175] Moreover, the semiconductor laser equipment which operates by low current is the optimal as a laser light source 
containing a compact disk for all optical disks. Especially reduction of an operating current value brings about reduction of 
the calorific value of the laser mounting section, and becomes usable [ a smaller and lightweight heat sink ]. Consequently, 
conventionally, resinification of the laser package which was a metal can be realized and a large miniaturization and low- 
cost-izing of a pickup can be attained. 

[0176] Since interfacial resistance between the 1st semi-conductor layer and the 3rd semi-conductor layer can be 
enlarged simply according to the semiconductor laser equipment concerning invention of claim 2. the semiconductor laser 
equipment of claim 1 is certainly [ easily and ] realizable. 

[0177] According to the semiconductor laser equipment of the GaAlAs system concerning invention of claim 3, since the 
interfacial resistance between the 1st lightguide layer and a cladding layer is larger than any of the interfacial resistance 
between the 1st lightguide layer and the 2nd lightguide layer, and the interfacial resistance between the 2nd lightguide 
layer and a cladding layer, even if it does not form a current block layer, thickness can carry out the constriction of the 
current to a stripe field by the 2nd thin lightguide layer. For this reason, since deep etching for forming a current block 
layer becomes unnecessary like invention of claim 1 and dispersion in stripe width efface becomes small, the 
semiconductor laser equipment of the real refractive-index guided wave mold of a low operating current value is realizable 
for low cost and the high yield. 

[0178] Since according to the semiconductor laser equipment of the GaAIAs system concerning invention of claims 4-6 it 
is transparent and generation of heat [ / near the barrier layer ] does not produce the 2nd lightguide layer to the 
wavelength of the laser beam oscillated by the barrier layer, the high increase in power and reinforcement of 
semiconductor laser equipment can be attained. 

[0179] Since interfacial resistance between the 1st lightguide layer and a cladding layer can be enlarged simply according 
to the semiconductor laser equipment of the GaAIAs system concerning invention of claim 7, the semiconductor laser 
equipment of claim 3 is certainly [ easily and ] realizable. 

[0180] Since according to the semiconductor laser equipment of the GaAIAs system concerning invention of claims 8-10 it 
is transparent and generation of heat [ / near the barrier layer ] does not produce the 2nd lightguide layer to the 
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wavelength of the laser beam oscillated by the barrier layer while being able to enlarge simply interfaclal resistance 
between the 1st lightguide layer and a cladding layer and being able to realize the semiconductor laser equipment of claim 
3 easily and certainly, the high increase in power and reinforcement of semiconductor laser equipment can be attained. 
[0181] While according to the semiconductor laser equipment of the GaAIAs system containing the barrier layer which has 
the quantum well structure concerning invention of claim 11 deep etching for forming a current block layer becomes 
unnecessary like invention of claim 3 and dispersion in stripe width efface becomes small, the semiconductor laser 
equipment of the real refractive- index guided wave mold of high power is further realizable for low cost and the high yield 
with a low operating current value with the effectiveness of the barrier layer which has quantum well structure. 
[0182] According to the semiconductor laser equipment of the GaAIAs system containing the barrier layer which has the 
quantum well structure concerning invention of claims 12-14, according to the effectiveness of the barrier layer which has 
quantum well structure, since generation of heat [ / near the barrier layer ] does not arise, the 2nd lightguide layer can 
attain the further high increase in power and the reinforcement of semiconductor laser equipment, while it is transparent 
to the wavelength of the laser beam oscillated by the barrier layer. 

[0183] Since interfacial resistance between the 1st lightguide layer and a cladding layer can be enlarged simply according 
to the semiconductor laser equipment of the GaAIAs system containing the barrier layer which has the quantum well 
structure concerning invention of claim 15, the semiconductor laser equipment of claim 11 is certainly [ easily and ] 
realizable. 

[0184] According to the semiconductor laser equipment of the GaAIAs system containing the barrier layer which has the 
quantum well structure concerning invention of claims 16-18, according to the effectiveness of the barrier layer which has 
quantum well structure, since generation of heat [ / near the barrier layer ] does not arise, the 2nd lightguide layer can 
attain the further high increase in power and the reinforcement of semiconductor laser equipment, while it is transparent 
to the wavelength of the laser beam oscillated by the barrier layer. 

[0185] According to the semiconductor laser equipment of the GaN system concerning invention of claim 19, since the 
interfacial resistance between the 1st lightguide layer and a cladding layer is larger than any of the interfacial resistance 
between the 1st lightguide layer and the 2nd lightguide layer, and the interfacial resistance between the 2nd lightguide 
layer and a cladding layer, even if it does not form a current block layer, the constriction of the current can be carried out 
to a stripe field by the 2nd lightguide layer of film thickness. For this reason, since deep etching for forming a current 
block layer becomes unnecessary like invention of claim 1 and dispersion in stripe width efface becomes small, the 
semiconductor laser equipment of the real refractive-index guided wave mold of a low operating current value is realizable 
for low cost and the high yield. 

[0186] S ince according to the semiconductor laser equipment of the GaN system concerning invention of claims 20—22 it 
is transparent and generation of heat [ / near the barrier layer ] does not produce the 2nd lightguide layer to the 
wavelength of the laser beam oscillated by the barrier layer, the high increase in power and reinforcement of 
semiconductor laser equipment can be attained. 

[0187] Since interfacial resistance between the 1st lightguide layer and a cladding layer can be enlarged simply according 
to the semiconductor laser equipment of the GaN system concerning invention of claim 23, the semiconductor laser 
equipment of claim 21 is certainly [ easily and ] realizable. 

[0188] S ince interfacial resistance between the 1st lightguide layer and a cladding layer can be enlarged simply according 
to the semiconductor laser equipment of the GaN system concerning invention of claims 24-26, the semiconductor laser 
equipnnent of claim 21 is certainly [ easily and ] realizable, and since it is transparent and generation of heat [ / near the 
barrier layer] does not arise to the wavelength of the laser beam oscillated by the barrier layer, the 2nd lightguide layer 
can attain the high increase in power and reinforcement of semiconductor laser equipment 

[0189] According to the semiconductor laser equipment of the GaN system concerning invention of claim 27. since the 
interfacial resistance between the 1st lightguide layer and a cladding layer is larger than any of the interfacial resistance 
between the 1st lightguide layer and the 2nd lightguide layer, and the interfacial resistance between the 2nd lightguide 
layer and a cladding layer, even if it does not form a current block layer, the constriction of the current can be carried out 
to a stripe field by the 2nd lightguide layer of film thickness. For this reason, since deep etching for forming a current 
block layer becomes unnecessary like invention of claim 1 and dispersion in stripe width of face becomes small, the 
semiconductor laser equipment of the real refractive-index guided wave mold of a low operating current value is realizable 
for low cost and the high yield. Furthermore, since it is transparent and generation of heat [ / near the barrier layer ] does 
not produce the 2nd lightguide layer to the wavelength of the laser beam oscillated by the barrier layer, the high increase 
in power and reinforcement of semiconductor laser equipment can be attained. 

[0190] S ince interfacial resistance between the 1st lightguide layer and a cladding layer can be enlarged simply according 
to the semiconductor laser equipment of the GaN system concerning invention of claim 28. the semiconductor laser 
equipment of claim 27 is certainly [ easily and ] realizable. 

[0191] Since deep etching for forming a current block layer becomes unnecessary like invention of claim 3 according to 
the semiconductor laser equipment of the GaN system containing the barrier layer which has the quantum well structure 
concerning invention of claim 29, while dispersion in stripe width efface becomes small, the real refractive-index guided 
wave mold semiconductor laser equipment of high power is further realizable for low cost and the high yield with a low 
operating current value with the effectiveness of the barrier layer which has quantum well structure. 
[0192] According to the semiconductor laser equipment of the GaN system containing the barrier layer which has the 
quantum well structure concerning invention of claims 30-32, the 2nd lightguide layer is transparent to the wavelength of 
the laser beam oscillated by the barrier layer, and according to the effectiveness of the barrier layer which has quantum 
well structure, since generation of heat [ / near the barrier layer ] does not arise, it can attain the further high increase in 
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power and the reinforcement of semiconductor laser equipment. 

[0193] Since interfacial resistance between the 1st lightguide layer and a cladding layer can be enlarged simply according 
to the semiconductor laser equipment of the GaN system containing the barrier layer which has the quantum well 
structure concerning invention of claim 33, the semiconductor laser equipment of claim 29 is certainly [ easily and ] 
realizable. 

[0194] According to the semiconductor laser equipment of the GaN system containing the barrier layer which has the 
quantum well structure concerning invention of claims 34-36, according to the effectiveness of the barrier layer which has 
quantunn well structure, since generation of heat [ / near the barrier layer ] does not arise, the 2nd lightguide layer can 
attain the further high increase in power and the reinforcement of semiconductor laser equipment, while it is transparent 
to the wavelength of the laser beam oscillated by the barrier layer. 

[0195] Since deep etching for forming a current block layer becomes unnecessary like invention of claim 3 according to 
the seiTiiconductor laser equipment of the GaN system containing the barrier layer which has the quantum well structure 
concerning invention of claim 37, while dispersion in stripe width of face becomes small, the real refractive- index guided 
wave mold semiconductor laser equipment of high power is further realizable for low cost and the high yield with a low 
operating current value with the effectiveness of the barrier layer which has quantum well structure. Furthermore, 
according to the effectiveness of the barrier layer which has quantum well structure, since generation of heat [ / near the 
barrier layer ] does not arise, the 2nd lightguide layer can attain the further high increase in power and the reinforcement 
of semiconductor laser equipment, while it is transparent to the wavelength of the laser beam oscillated by the barrier 
layer, 

[0196] Since interfacial resistance between the 1st lightguide layer and a cladding layer can be enlarged simply according 
to the semiconductor laser equipment of the GaN system containing the barrier layer which has the quantum well 
structure concerning invention of claim 38, the semiconductor laser equipment of claim 37 is certainly [ easily and ] 
realizable. 

[0197] after forming the 2nd lightguide layer on the 1 st lightguide layer according to the manufacture approach of the 
semiconductor laser equipment concerning invention of claim 39 — this, in order to etch the 2nd lightguide layer into 
stripe geometry The 2nd stripe-like lightguide layer can be formed on the 1st lightguide layer. Moreover, on the 2nd 
lightguide layer which consists of the 1st lightguide layer which consists of Ga1-Y1 AIYIAs. and Ga1-Y2AIY2As In order to 
form a cladding layer so that it may consist of Ga1-Y3AIY3As and the relation of Y3>Y2 may be realized among Y2 and Y3 
of said AlAs mixed-crystal ratio of Ga1-Y2AIY2As and Ga1-Y3AIY3As, Since the refractive index of the 2nd lightguide 
layer can be made larger than a cladding layer, an effective-refractive- index difference is formed within and without a 
stripe field, and the semiconductor laser which performs the stable single longitudinal-mode oscillation can be 
manufactured certainly. 

[0198] Since it has the process which oxidizes the surface layer of the field in which the 2nd lightguide layer in the 1st 
lightguide layer is not formed according to the manufacture approach of the semiconductor laser equipment concerning 
invention of claim 40, the semiconductor laser equipment which has an oxide film in the surface layer of the field which is 
in contact with the cladding layer in the 1st lightguide layer, and is obtained by invention of claim 39 can be formed 
certainly. 

[01 99] after forming the 2nd lightguide layer on the 1 st lightguide layer according to the manufacture approach of the 
semiconductor laser equipment concerning invention of claim 41 — this, in order to etch the 2nd lightguide layer into 
stripe geometry The 2nd stripe-like lightguide layer can be formed on the 1st lightguide layer. Moreover, in order to form 
the cladding layer which consists of AIGaN on the 2nd lightguide layer which consists of the 1st lightguide layer and AIGaN 
which consist of InGaN. Since the refractive index of the 2nd lightguide layer can be made larger than the refractive index 
of a cladding layer, an effective-refractive-index difference is formed within and without a stripe field, and the 
semiconductor laser equipment which performs the stable single transverse mode oscillation can be manufactured 
certainly. 

[0200] Since it has the process which oxidizes the surface layer of the field in which the 2nd lightguide layer in the 1st 
lightguide layer is not formed according to the manufacture approach of the semiconductor laser equipment concerning 
invention of claim 42, the semiconductor laser equipment which has an oxide film in the surface layer of the field which is 
in contact with the cladding layer in the 1st lightguide layer, and is manufactured by invention of claim 41 is obtained 
certainly. 

[0201] after forming the 2nd lightguide layer on the 1st lightguide layer according to the manufacture approach of the 
semiconductor laser equipment concerning invention of claim 43 — this, in order to etch the 2nd lightguide layer into 
stripe geometry The 2nd stripe-like lightguide layer can be formed on the 1st lightguide layer. Moreover, on the 2nd 
lightguide layer which consists of the 1st lightguide layer which consists of AlZl Gal-Z1 N, and AIZ2Gal-Z2N AIZ3Gal- 
Z3N — becoming — said every (AIZ2Gal-Z2N and AIZ3Gal -Z3N), in order to form a cladding layer so that the relation of 
Z3>Z2 may be materialized among Z2 and Z3 of a GaN mixed-crystal ratio Since the refractive index of the 2nd lightguide 
layer can be made larger than the refractive index of a cladding layer, an effective-refractive-index difference is formed 
within and without a stripe field, and the semiconductor laser which performs the stable single transverse mode oscillation 
can be manufactured certainly. 

[0202] Since it has the process which oxidizes the surface layer of the field in which the 2nd lightguide layer in the 1st 
lightguide layer is not formed according to the manufacture approach of the semiconductor laser equipment concerning 
invention of claim 44. the semiconductor laser equipment which has an oxide film in the surface layer of the field which is 
in contact with the cladding layer in the 1st lightguide layer, and is manufactured by invention of claim 43 is obtained 
certainly. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the semiconductor laser equipment concerning the 1st example of this invention. 
[ Drawing 2] It is drawing showing an example of the numerical calculation result of the internal and external effective- 
refractive- index difference (deltan) of the stripe field in the semiconductor laser equipment concerning said 1st example. 
[Drawing 3] It is drawing showing the experimental result of the relation of the current-voltage characteristic over the 
AIAs mixed-crystal ratio of the semi-conductor substrate in the semiconductor laser equipment concerning said 1st 
example. 

[Drawing 4] It is drawing showing the experimental result of the relation of the spectral characteristics and the structure 
parameter in the semiconductor laser equipment concerning said 1st example. 

[Drawing 5] It is the sectional view showing each process of the manufacture approach of the semiconductor laser 
equipment concerning said 1st example. 

[Drawing 6] It is drawing showing the count result of energy in case the 2nd lightguide layer of the semiconductor laser 
equipment concerning said 1st example has the quantum well effectiveness. 

[Drawing 7] It is drawing showing the current-optical output property in the semiconductor laser equipment concerning 
said 1st example. 

[Drawing 8] It is the sectional view of the semiconductor laser equipment concerning the 2nd example of this invention. 

[Drawing 9] It is the sectional view of conventional semiconductor laser equipment. 

[Drawing 10] It is the sectional view of conventional semiconductor laser equipment 

[Drawing 1 1 ] It is the sectional view of conventional semiconductor laser equipment. 

[Drawing 1 2] It is the sectional view of conventional semiconductor laser equipment. 

[Drawing 1 3] It is the sectional view of conventional semiconductor laser equipment. 

[Description of Notations] 

1A The semi-conductor substrate of n mold which consists of GaAs 

2A The buffer layer of n mold which consists of GaAs 

3A The cladding layer of n mold which consists of GaO.5 aluminumO.5 As 

4A The barrier layer which consists of GaO.85aluminumO.15As 

5A The 1st lightguide layer of p mold which consists of GaO.5 aluminumO.5 As 

6A The 2nd lightguide layer of p mold which consists of GaO.8 aluminumO.2 As 

7A The embedding cladding layer of p mold which consists of GaO.5 aluminumO.5 As 

8A The contact layer of p mold which consists of GaAs 

IB The substrate which consists of sapphire 

2B The buffer layer which consists of GaN 

38 The cladding layer of n mold which consists of AIGaN 

48 The barrier layer which consists of InGaN 

58 The 1st lightguide layer of p mold which consists of AIGaN 

68 The 2nd lightguide layer of p mold which consists of AIGaN 

78 The embedding cladding layer of p mold which consists of AIGaN 

88 The contact layer of p mold which consists of GaN 

9 2nd Contact Layer of N Mold Which Consists of GaN 

II Semi-conductor Substrate of N Mold Which Consists of GaAs 

12 Cladding Layer of N Mold Which Consists of GaAIAs 

13 Barrier Layer Which Consists of GaAIAs 

14 1st Cladding Layer of P Mold Which Consists of GaAIAs 

15 Current Block Layer of N Mold Which Consists of GaAs 
15a Stripe field 

16A The 2nd cladding layer of p mold which consists of GaAIAs 
16B The cladding layer of p mold which consists of GaAIAs 

17 Contact Layer of P Mold Which Consists of GaAs 

18 Cap Layer of P Mold Which Consists of GaAs 

19 Dielectric Film 

20 Embedding Quantity Resistive Layer 

21 Zinc Diffusion Field 
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22 Lightguide Layer of N Mold Which Consists of GaAIAs 

23 Current Block Layer of N Mold Which Consists of GaAIAs 

A c unti l I! mi. 11 1. ^ ^ ^llW^ T■a l ,^^u^^l^ ^^^^^ M ^ w ^ w ^??w^ sw^M ^ww w ^> wwuM 1 1 : l n i >t-ww>m; i iiii iiimrrw-M L ii . iii tn i n i j i >iL^^f^ i ^wi - ^,<ww.vwwi^^ . . j ii i.. /amwww Wp^w t w^ - Avwy.^. L ■wwj TWtiwwmmwm^B'W W^ 

[Translation done.] 



http://www4.ipdl. inpitgojp/cgi-bin/tran_web_cgi_eije 



2007/05/18 



(19)B*S#ffiT (J P) 



(12) <jkm^^ 



(51) Intel.' 

HOIS 3/18 




(A) (ii)#fFmip^re#-^ 

#|§^8- 83954 

(43){LkmB 8 i¥ (1996) 3.^26 B 



F I 



(22) mm B 

(31) iS$fe«li3i#^ 

(32) «^B 

(33) fil5fe^i*3ia 

(31) M5fe*S^3i#^ 

(32) ffi$feB 

(33) ffi5fe*i^3i 



4#S¥7- 66002 

^^7^(1995) 3 H 24 H 

?^^^6- 68545 
^6 (1994)4^ 6 a 
B* ( J P) 
?*^¥6- 161998 
^6 (1994) 7^140 
B*: (J P) 



(54) l%m<D^m *»ft:l/-1fSM45cti;^CO»ig^& 

(57) mm} 

All As ctO;^^fllttg475«j^^S;$nTVi^, ei^^ 
cDJitCG ai-yi A 1 Yi A s <t t)?S:^nSCD|| 1 oytiJ-i 

A 1t2 As <tD;^^nS(Dm2C0^:j?'1' HSG^^Xh^ 
(DytiJ-^ Ym6<D±\Z\t. Gai-Y3 A lys ASctD;*^ 

%:^^V^o ffi14^4. ^lS:t;il2 0^*f< H^5. 6 
MU^tCiJ?^-/ Fg7(75«-?gaJt(7)X, Yl. Y2mSY 
3 cDKtCY 3>Y 2S:IKY 1 >X^ 0 <D38^^t^OS:o 



(71) ta®A 000005843 

1 # 1 

(72) ^?gW 

(72) ^pj^ ^ mn 

(74)f^aA ^m± mm (^2^) 




—429 



1 

^mt(Dm<Dm&mmim i (o^m^^m t^^m 2 (D^m^^ 

[»^:^3] Gai-i Ali A s ct 0 v4^fi?14S(Z)± 
G a 1 - y 1 A 1 T 1 A s J: 0 75:^— ^e^cDH 1 cD^:tf 
< H^*^?g^£$n. Mi2^ 1 \^m(DAi\zmW, 1 

CO^;^^ F^tCj8LTGai-y2 A 1 y2 A s <J; 0 « 

nm<Dm2(D^u^ ]^mm7sh'7'i:fmzm^^n. ta 
12^ 1 o^:*f-i' vm^^zs'm 2 (D^i3^ \^mo>AL\zmm 

KO^iJ^ Vm^^Zf^m2<D^i3^ HBtCSbTGa 

t<Dm<D^mmi^^'am2<D^i3^ kb^^^-/ fb 

OX, Yl, Y2:fei:tXY3 0WtrY3>Y2, Yl> 
X ^ 0 CDB8«K;0t^£ScT^ ct 5 tC^^K^ nx ^ CI i: ^# 
Si <J: -r ^ o 

#fgfBJtOX*3i;r/Y 2 OKtC Y 2 >'K<om%ffll&srt 

^^o\zm^^nn:\^^^^L^^WiL'r^m^mA\zu 

^m^it<Di^^^TSY 2 oratrx^ Y 2^0 <Dm%m^ 
stb, m2(D^i3^ \^mf)m=^m^^m'r^mm\zfsi^ 



( 2 ) 8- 8 3 9 5 4 

2 

y vmhmi.x^^^mm<Dmmm\z\mi\Mtmm'^n 

#tgSJt®X:teJ;atY 2 OWtr Y 2 >X(DM^S*^^a:■r 
•5) .t IC nTV^ S H t f 8 (ClB 

Gai-ii A ItiAs J;D;S:5— H 

B*«jg*£$n. mmw, 1 (7^=9tn^ k^® jitcsm i 

^f-l" A 1 yj A s 0:^5— 

1 (fiitU^ Ym^iXf-^ 2 OT)l£:«J-f HSoitcKm 1 CD 

1 13 A s <i;0?5:-5— Ke*i?^^Stl, W 
EgttS, mi CD^:^;-^ KB, m2®3t:^?-f H^:te±D: 
i7^ <;/HHtt. lllcD%:*J'f HSti^^y KStoP^© 

HB^te J:t;i' 9 H^®&?lSJt©Y 2 45J;U:y 3 
30 tCY3>Y2®M^j&tfK5t-r-2>J:5{rjgBg$nTVi5^1 

[W*:^ 1 2 ] ffria^ 2 ®^:^J-f KMiaStlffififttltc 
[»*3S13] ffiriB^2®^:if-i' HSU. ^©«M^ 

•rsw*^ 1 2 {cfe«s®ii^^^— tfSBo 

;i tS!^SI:t-r-5l»*^ 1 2 \zUW.O^^^V— 

Ymh^\^-x\,^^mM(D^mm\z\m.'!cW)m^-^ 

— tfSB. 

1 6 ] mtz'm 2 (D^tii-i vm\tmms\tm \z 
^mmh-r^m^m \ s\z^m(r>i¥^m^V'-^mm.. 

50 [«*:®17] MI2m2®%:if'f HPtt, JE-©MM« 



—430— 



(3) 

3 

m-^m 1 8 ] taism 2 ®3t;«J-f h^k. 2 a»t 

[i»*J@19] I niiGai-iiNJ:D3a:^ffittMG5Ji 

?g^$n, Km 1 (D%i3^ \^m(D±.\z.m^ 1 ©^;i!J-f H 10 
m\Z^VTl ni2Gai-i2NJ;0;^-2>— ^«l!0|g20 

%i3-^ K®i:ll2cD^:tf'f HSi®W®#ffifiin;:feJ;;!^ 

2 0 ] tais^ 2 o^ii^ HSiiWissttetc 

[»*JS2 1] MIBffittg^±c;^m2®3t^-1' KM 

3B2 o{cie«cDiii«*^U'— tf^e. 

tt, ^iSSitOX l:feJ;t^X2eDr^tCX 2SX 1 ^OCD 50 
JS fc ^5 J: 3 {c J^gg S tiT C i &!RrlS i "T -5. 

2 o\z'mm<o^m^v-^mm. 
m-^^ 2 3] ttriEm 1 (DtftiJ^ vm\z^n^m^^ 
^ YmiL^^i^x\/^^m.i$.<om^m\z\t.mi'cm^m^-^ 

— !f^e. 

[|»*J®2 5] WfEffitt@43J:lXm2CD>t:y'r K@ 
ti. #SaJ±OX l:feJ;t;X2C9fSJCXl>X2(OM^ 

:^ 2 4 tcl2® U~if SB. 

[»*J®2 6] tJIS«ttM:feJ:t;^m2CD^^-r 
tt. S-JiatkOX l:feJ;(ytX2«>ratCX2SXlS0O 

m\zis.:hii'^\zi&^^tix\,^^:L}iti^Wiht^m^m. 

2 4 tcf3^W¥®#:l/— tfSM. 

[«*JS2 7] I niiGai-ii NiD;fe-2)fl§14B®± 50 



#M^8- 8 3 9 5 4 

4 

:^iZA 111 Gai-2iNJ:t);&:-S— «SS!CDlll®3t5!f'r 

HM*s?^fiE$n, 1 <D%ii-( Ym(Dh\zmw, i » 

®m2co^:^f-f Hg^sxh^-f :/^^tc?^f£Sn. ttfism 
1 ro^:«J-f He:feJ:^m2 ©^;tf-f Hg®±{cKm 1 (r> 
ytii^ HM*3J:at||2CO)t^^ K^tcSLTA lisGa 
i-isNiOfe^— H@*tJBfi£$n, taiH 

^®Sin:*3J;?/ll2co^;y< V^Mhi^^v KM torero 
Zl. Z 2:feJ;lXZ SWraiCX 1 so, Zl>Z2:fej: 

[»*JS2 8] W\W.'m\<r>%i5-i KStcfeit-ssaiSi^ 

7 !y KMi«bTli5«JSecD«MM(Ctti?fc^*tJgfiE$ 
nT^i-2);it*#mi:-rSK^3S2 7(cE«(DiKgS#:^ 

A 1 G aNJ;D;&S— ^m^©HlCD3t:tf-f KM)<>tJgfig 
Sti. tfrffim 1 KSoJitcfemi CD^:^^ KM 

CftbT I nG aN±Di^-5— «mi!®||20^t;tf'r K 
M*tX h ^-f T'^^tCJ^^Sn. miEm 1 ©7t:)!?-f KM^fo 
.t lyJH 2 (n^ftn-i KMo±lcKH 1 <:o3t5tf< KM*5J;yJ 
Il2®5te;</-f KMt::SbTA 1 GaNitJife-S— 

KM^if^j^^n, Sirfefl&lfM. ^lco^:*f'f K 

-f KM 2: ^ ^ y KM t ©r^®|^®g$T[3&t|| 1 <Dyt:f3-i K 
M 2 C351£:y-f KMtCDra®^ffiffiin:*3.fca:m2©^ 

iz^<t3i^^z>izi^^-^nx^^^z.iz^!\^mL-r^^m 
3 0 ] mmm2<D^i3'i vm\mmm^m\z 

m-^m 3 1 ] WISm 2 ®3t^J-f KMS. -^-ro^S!!^ 
3 2 ] WIS* 2 K>3t:*f'f KMB, 2 CD3t 

:<;-f KM*t«^^«sr#-rsi^;Pfc}&5j:3{c?g^$n 

3 3 ] WtBH 1 ro^t^f'f KM(r*5tt.S)ffiriE^ 

)^mt.m\^x\^^mML(r>mMm\z\m^mtftm!S.^ 

nTV'i-g)Cli:S:!^®i:-r-5it*«2 9 {Cia«0¥^#:l/ 
m-s^m 3 4 ] tftlHm 2 ^ KgtttffiaSftM 
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5 

2<Dyti3^ vmf3^:^v^^i^mzmm.^ri. wiamicD 

-f Hei3ctr;:^2<D3t:^-r KBIcJ^LTA lzsGai-z3 

z 2 (Dm^t^^^-r^^o \zm^'^tix\^^^ z.t^^w 

a:, K©14®c^±:;&iCXtf:$^^>'-\^;kfi£S)*tC<toTG 
ai-Ti A lyi AsctD;^^— FB 

A 1 y 2 A s ^ 0 2 FB^J^^K 

-r^xset, KS2(D3t:y'1' FB^XF^-TT'^iStCJS: 
^cfc-Stcx-z^^^^T-SXe^h. MiH^ 1 CD5t:^-f FB 
43^i;^2 cD:)t:^-r F^co±{cxhf37:^>-'V;^^KSStc 
cfcoTGai-yaA 1 Y3 A s ct (9;5:OtfriBG ai-Y2 A ly2 
A s*5.i:^^G ai-T3 A lys A s CD^^gSJtCD Y 2 
Y 3 coratc Y 3 > Y 2 cDK^^^t^J D J: 3 

im:^m4 0] ^m^m^±\zmi^m^m0Z'r^icm 
ai-yi A i^i As ^KiU^—mmmcDmKDyti}^ fb 

^J^^fi-r^XSt. K^l <Z>3t:^-f FBOJilcGai-y2 

A 1 y 2 A s cfc r)^^—mmm<Dm 2 <Dyt^^ v^m^m^ 
T^nimL. mm2(D^ii-f \^m^xh'7-(:fmm\zu 

^^vlZJLy^y^T^Jimt. WE^ 1 C0:)t;y< FB 

\z:i^n^mmm2<Dyt:»-f \^m\zmi^x\^^t3:i^mm<Dmi 
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6 

2<D^^^ FB©±tcxt:^4^'>i^;i'^£S^Stc:<t'c>TG 

ai-ys A ly3AScfcD/^t)WtBGai-y2 A lyzAsiScfc 

rXGai-Ys A lya A sCO^Jiaii:c^Y2*5j:tXY3<Dr^ 
tC Y 3 > Y 2 CD D iEO cfc 3 IC— ^tt^ (D^'yy 

m^mA 1 ] ^mi^mwi±^\zm^m^m^'^^jin 

mS'&m(D±.-^\ZX.\i^^i^^r)V^m.mz^-:>XA 
10 1 G a Nci: r^U^—mnM(Dm 1 (r>^^^ FB^J^fiE-T 
^XSi:. M^l CD^r^f-f FBOJttCI nGaNckO;^ 
^— ^tta!(7)^2co3t:^f-r FB^Sr^^fiK-r^Xgt, 
2(Diti5'i FB^X h^^7'ffiig{C7^^cfc5(CX^>5"> 
^f^Xgi:. Wi2llicr)^:9-f FB:feJ;Z^m2co^;3? 
>f FBO±t3Xtf;$^4^'>^;U^£S?*{rJ:-oTA l GaN 
cfc D ^ --#«^ CO ^ ^ :y F B ^ J^^Sf ^ Xg t x. 

;i t l/-if Kec^Kig:^^^. 

4 2 ] #3S#:»«±fCfi?ttB <£:?^^Kt-^Xg 

KfS14Bcz)±:&tcxtri5^^'>^;i/j5£S^tc<toTA 

^ 1 G aNJ:0;^^— ^m^O^l 03t:^-f FB^J^JSEET 
^XSt. K^l CD^:^-f FBO±{CI nGaN<fcO;^ 
a-^mM(7)^2CD^;^f-r FB^^^^K-r^Xgi:. 
2<Dyti3^ \^m^7.V'y^^m^\zf^^^o\z:^v^> 
^f^XSi:, t5IB^l<75^;^f< FBf3:fett^MS5^2 
(7)31£:y^ FBfc^bTV^p^i/^^^^CDSffiB^^S^jtt- ^X 

Ai\ZJL\f:^^ly^r}V^m^\Z^'DXA 1 GaN<fcD;fe^ 
KffiftBa)Ji*{CXlf^^>-v;l'«:gStCi;oTA 

i-i2's<\^y)u^—^nM(Dm2(D%u^ FB^?^^s;-r^ 

Xgt, K^2(D5t:^-1' FB^X h^^y«iStr;ft^ci: 
3tCX-/^>i/T^X®<i:. mi2m 1 co^:^< FB:fect 
i;^m2co^:^J'i' FBco_h^rxtf3'^v'^;i^^£gffitr.to 

TA lz3Gai-z3NJ;t:)?S:DtriSA 1 Z2 G ai -Z2 N^Scfc 
r/^A 1 Z3 G ai-z3 NCO^tgSJtc^Z 2:feJ:i;z 3(7)rBltC 
40 Z 3>Z 2OgB^;0^^5jr~r ^<i;3tC— ^«SCD^^^-/ F 
B ^ J^fiET ^X@ ^ffi^rc ^ a: iif -S^^^: 1/ 

[W^:^ 4 4 ] #«ff«ffi_h{Cffi14B <&?K^K-r ^xe 
<h, KffittBO-t:&i::xbrr$^4^->i';i^^KSStCcfcoTA 

1 zi Gai-zi "^^r^u^—mmmcDmi (Dita-i fb^ 

^^-r^xet. M^lc^^:^f-r FB0D_LtcA l22Ga 
i-z2NcfcD;^'5»— «S^<7?m2 0^:^'f FB^J^^K-r^ 

5tCX-/5">//-r^XS«i:, MIBmico3t;^f-f FBtC:fe 
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7 

Gai-i3NcfcD;S:DMI2A 1 Z2 G ai-z2 N:fectDtA Hs 
Gai-M NCD^?lSJt(7)Z 2:fectO^Z SCD^tCZ 3>Z 

^ ^ xe a: ^ 11;^ d t ^ iRp® <t "T ^ ¥® #: — if 
[0 0 0 1] 

[0 0 0 2] 

[0 0 0 3] ^"f-^ 7.^n.E(Dmm^'^m(D^ 

[0 0 0 4] £IT, %i^^^m\zx^mM'^mfs.^^^(D 

mm^wukm <Dm^mm. ^m-t ^ ^mw^ v~^mm \z -d 
miz:t^i^T\t.. ^mi^&^<D±Tm\zm^^ri^mmm 

[0 0 0 5] 139^3:, CD^m;si)t'r'53t5='^Xi7^ 

(JJAP,vol.24,p.L89(1985).&#flg) o H9{C^-r<i:5 
\Z. (GaAs) J:*9;^^n^(Z>^«^S 

tel l<D±\Zi3^)^AT)l^\im (GaA 1 As) J; D 

(D±\ZG a A \ As ^DU^m^m I 3 tm^-^n. ffi 
tt^ 1 3 CDJitCG a A 1 A s J; 0 ^-5 p ^CT^^ 1 ^ 

1 4 ;^>^?^jS$n. Ill ^ :y 1 4 <D±lZ:^lf 

i^{Ctt«Sf£Sfc^COfci6(7)G a A s J: VU^nm<Dmm.^ 

m^u^y^mi b<D±\z\t.n^mm\z^0GaA i as 
^o^^T>m<Dm2^^y}^mieAf}^j^^^n. w,2 

(D^'7v H^l 6 A(D±{c^3:GaAs<i:0;fe^pScDzi 

[0 0 0 6] ^<Dmi^(o^m^u-^mm\z^^^i:\:Si. 

mi 5(DWmz^0. X h^-f 1 5 aP^tCW^tC 

mH^S^isb^n. X h^^ >^®*S1 5 a(7>Tfi!lO«ttS 1 
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^-f 7^^*81 5 af^tC#^tCgBDiXis6^)n, H 

[0 0 0 7] S 1 0 tr^-r¥^ft:l/-ifgMl;:feViT 

it. nMcO^^frttffil l(7)±tCGaA 1 AscfcO;^^ 

IC G a A 1 A s <J; 0 ^S^fifft^ 1 3 T^m^^tl. ffitt® 
1 3(7)±{ZXh^-f yt^(7)i7^^>' FSl 6 B:^m^^ 

i^? B_L(c45tt^X h^-f 7'ffi^£7)±tCGa As J:?);ft^p 

-/T^e 1 80DJitrGaAscfc0;^'5p^O3> 

[0 0 0 8] ^10 {z^-r^mi^u-^mmcD^^mu 
7.h^^:fmmmzmvii:,isb^n. ^— ^-Ho^i^-if 

^m^^^i^n^ (JJAP,vol.25,p.L498(1986). #fig) o 

[0 0 0 9] mi 1 \z7r:'r^mi$^u-ifmm\t. m i o 
20 \z7n'r^mi^u-'\fmm^mmzLrzmm(Dh<Dx& 

(SPIE, vol. 1043. p. 61(1989)) #fig) ^^TLTVi 

^1 1 frc^otj-^ 1 9 t5^«frKT»'5o m 

1 iizT^-r^mi^u-^mmit. ^M^^^^sTTSi^^fc 

[0 0 10] ^fc, iff^-rti, GaA 1 Asl|ffi>^n-/ 
TV^^ (4*liPa6 2 - 7 3 6 8 7) o ^1 CD^PigtCck -5 

5O:)l£®iRtCJ:*:)gBi;2.ie)TV^^09*5<fclXISl 0 tc^ 

[0011] si2^^. ytmm(D^^mz:^\,^x^^m'^ 

nx^^^mi^^^^^a (BH) ffi[igO¥9S#:l/-1fg 
M^^LTVi^ (IEEE, J. Quantum Electron. ,QE-16,p, 2 
05(1980)#Bg) . S12{C:fet<iT. 2 0 ^SSd^ii^iSfi 

irc^T* 2 1 \tm,&ti:WLmmxs>^o m 1 2 iz^r 
^^mi^u-ifmm\z:^\^^x\t. sftgi 3 cDi^W(7)fifi® 
offl2se)ii^^i5jg^g 2 0 f}m^'fa y^mt vxi^m 
I/— tf^tt^ffitts 1 3 2 0 to 

m<Dm^mmzj;:r)^ xh^<y®«rttc^([$icgBi;ii 

50 ^mm^m±'^'i±^rcisb. ^KDmmitm&ti^'^^izit 
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9 

[0012] la 1 3 11, {P=yyVmi2 <D±,\Z^i5^ H 

OSttS 1 3 ^?^j5£Lfc«e5fe«?llT&^ (IEEE, J.Quantu 
m Electron. ,QE-15, p. 451 (1979) o CC0«ji(7)^ 

^fflWL9iM(Dm±M\zm^^rix\^'^^tz^. mM<Djx:ti^ 
m^tizm-DTi^u^K 

[0 0 13] ^)V^:^y'^7\zM^^'r^M^m<D 

rd\z^m.\zm'DT^^^^^. 

[0 0 14] ^(D^mw-v-^^m^mMt^uno— 

'Dt.X^T:. I nGaN^i-r^GaN^^CO 20 

[0 0 15] 

[0 0 16] mffi^Siht" ^fefetrie^S;^m«£>^a-/^ 

ieS^TS>^y^^e.> G aA s <l;f9^^nl!(7)mSf£:/D-/:i7 
@CDS-&tCtlO. 5-1 Mm@SO@$^tig^S-r*D> 
G aA s i:r)U^x>Mo:>mM^u^:;!;m(D^'^\z\t2-- 

m^:f^y^m\z\t.Tim^^m^^^nT^K>. nm<D 

«SSty n y^m(Dm^<Drc^\Z\'^ l /imgScDgg$(DX ^ 

^mmmmmmmcDm-^izit.. ma«2±o. 2^ 
[0 0 1 7] 7. h ^ ^ -^^mommcDmmit. gg^^^i^co 

x-/5^>^^^^LTff;S:-5;^s6(c, x-z^^^^^ih^ 
^^ttTS^X^y^>:J^^ff^3^'&tCl*fC^^i:;ft 50 
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65 1 C X ^ > if T ^ ^ X 5^ > ^ ffl i ^ L- T . 
mSfE>^n^yi7g 1 5C0IKJ?^^:;k:#ViJg'&{c[l, -^cT^j^JS 

"T ^ Si^*^-r $ n ^ ^ T CD ^ PbI tC :fe ^ 1^- 

VJLy^\z^r)Xh'y^':fmf}^i<^<^iiE>'0\,^TL^ 

[0 0 18] :P:#:65tCti, ®ffi:/P-/^gl b(Dmm(D 

m 1 5 0IKJP^11 ± 0. 1 Mma:;^0, it-Y HXry^,h 
a^^^roJCZ)X-/5^l/— hi:;&^lW|— Tfeo:^aiLTt), "9" 
-f Hx^y^tZi^X h^-f y'l@Otfe)'r>^tl± 0. 2 u 

^ X ^ xsic cfc ^ « ^ ^^^miscofri e> njn@^ n 

^rz.^{z. m^<Dmmm\z:iDn^2±o. 2iim\tm& 

[0 0 19] lai 0CO:Ki§<DJ:5tC> m8St:/P!y^Bl 
5 ^X h ^-f y®fte^trMlR6?]lC?g£Kr^J^^tC:feViT 
t). P^t^i^^^y H^l 6B^1 MmC0|^i5tCX-/5^> 

iHi^Wc&^fBir). «gvix-/?>iyie:cfc^x h-^-f :/igcD 

V:iT, m 1 CO^x^y 1 4(Z)±(cmSS:/D v/^^ 1 5 

^SS?69t:i^£fi$i±^*^^^Ki§;&StbTtl#Ae,n 

^(Dtcitizit. mii^mmzm^^&(Drz^<D'^ 

m 1 (D^'yv HB 1 4(D±tc:/^XvCVD^CD:;&j£t3 
(ni^ 'yv 1 4tc^:^(D^Si^R6^^«A$nTL^^ 

t v:^ 3 ^ ^ 45 <i: nm&'^smmm tc7S:^^^;^^fe^<DT 
[0 0 2 0] — m^<Dv—^%^^mt^^^^v 

I nGaNtC.i;D?^^Si-^GaNI^O^^#:tJJ(sj75taS 
^nrv^^o L;5>L.;*;&^e>, GaN^co^^miGaA 
s ^£tc:tt:^Tlg^P^cDig-&:^7^^^i':^fc86xu/^>i^^^ 

—'^mm(on^(DW(SL^(o'mmz\t. mmz^^-z^-^ 

[0 0 2 1] {gtc. j®^;^X-/?>if|K:Ot#ffib;^ca:U 
Tfe. Xh!5^:^5/^;U^£*$n;^c:GaN£Di^Stl, Ga 

t9ffi!3e*co^igtCie^M7a:SgViX*y5^>i/^^JSU 
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[0 0 2 2] :^mM\t. t5l3«e3fcco^^#:l/-1f£ecD 
[0 0 2 3] 

h'y'iy'mm,£kfy(Dmi^^mm.mzLx. 7.h9^zfm 
mizop^mm^^mn^mmiz-r^ztiz^r). mm.:fu 

[0 0 2 4] mistm 1 (omntmctcm^^m^. 

^^m^m(D±\zmm i <D^m^m^^n% 2 cd^^#:^ 
^mwm t (Dm<Dm'mim.^^xs^ 2 a:>^mv^m 3 

[0 0 2 5] m^m2(D^BM\t. m^micommz. s& 
12^ 1 (D^m^m iz^n^mmm s <D^mi^m t.mi.x 
u ^ \z\tmi\Mtm^^rix^^^ i^^^^om 

[0 0 2 6] miSim3<D^mtim\:^rz.m^^m\t.. 
^v—^mm^. Gai-i All As ^y^ft^^'&mcD 

_h;^trG ai-Ti A 1 Yi A s ±0;^^— ^«ScO||l CD:)t 

1 (D^ij^ }^m\zmvxGB,^-^2A\^2Ks:^y)f^^— 
mn.m<Dm2<o^i3^ Hg^^xh^<yi*tc?^^s$n> 
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L(Dfm^mmifi^^zsm2(D^i3^ \^mh^^v 

CDX. Yl. Y2:fecfcO^Y3coratCY3>Y2. Yl> 

0 (Dm%ti^^^^^^o izm^^nxy^^^m^tt 
[0 0 2 7] mim4<Dmmt.. m^m2.(Dmmz. m 

<DX$>^ 

10 mm^bo^m^. mimAommz. mmm^m^^ 

Y 2 > X (Dmm^^tLt^ cfc 5 tC?^^$ nxi'^ ^ 5 

[0 0 2 8] m^m^o^m\^. m^-i^A<Dmmz. m 

XSY 2(Dfi^\zyi^Y 2^Q(Dm^ffi^r^^'^. ^ 2 

13^ Ymtm=f'm^^mt^mm\zn.^^o\zm^^n 

[0 0 2 9] m^m7a:>^m\t. mimz(Dmmz. m 

^mM(Dmmm\z '^tix\^^^t\^^om^ 

[0 0 3 0] m^m^(o^m\t. m^mKDmmz. m 
mm2(D^^-( ]^m\mmmi^m\z^v)^m'^n^u- 
^^<Dmm\zMhxmmx$>^L^^om^^{tiM'r^^ 

(DX$>^ 

Y 2 > X (Drnm^^iL-r^ ^ o \zmm^nx\^^ ^t\^^o 
30 mwL^ntwt^^ox^^. 

[0 0 3 1] m^m 1 0 (Dmmt.. m^m 8 ommz. 
mn^^^m^^nm2<Dyti3^ \^m\'t. ^igsit<^x43 

^XSY 2<Dm\z:X'^Y 2^0(Dm%ffi^X)iL%. 112 05 

3t:^-r Ymi)m=T^m^^m'r^mw\zu^^o\zmi&'^ 
nx\^'^^t,^^omwL't^m^^%(Dxs>^o 
[0 0 3 2] ^^^1 \ (D%mtim}:^tz.m^^mt. ¥ 

tCGai-Yi A \^iAsi:y)U^—mnM<Dmi<DtH:1]^ 

Y^mtm^-^ti. mu'mKD^iJ'i vm(DAL\zm^i(D 

40 K^fcSL'TGai-y2 A 1t2 As cfcO^ft-S— 

mo:>'m2(Dyti3^ \^mffl:^v^'i^mzm^^ri. 
n 1 <D%ii^ Ym^^xsm 2 (D^u^ v^mo:>AL\zmm i 
(D^i3-( }^m^^nm2(Dytu^ HetcSbTGai-Y3 
A Its A s ct t) ^^^^ ^ y^mtm^^ti. 

(Dm<D^mwsm'mi<D^i3'^ Ymhm2(D^:^^ ym 
t<Dmo:>^m&ffi:i^^zfm2<D^:»^ Ymt^^y Ym 

50 iJ-i FS45i;rX^7 ^ V H^(D#^SJt(DY 2 :fei:i;Y 3 



—435— 



(8) 

13 

[0 0 3 3] 2(DmM\t.. m^mi lo^m^ 
[0 0 3 4] m^m 1 3 (D^mn. m^m i 2 

[0 0 3 5] mutmi A(D^mt. m^mi 2(om^ 

[0 0 3 6] m^mi 5<Dmm\t. m^^mi 1 <Dm^ 
b T ^ mi^cDmmm \z \tmtm^m^ ^ nx^^^ l 
[0 0 3 7] m^mi e<D^m\t. domm 20 

\z. MSSm 2 cD^:^-f H^J^MieSttglca: D^^^n 
^ 1/ - lf 3t CD tC*f b TSH^ T ^ i: V i 3 «^ ^ SP 

ytis^ ]^m\t. ^(D^m^m-^mmmi^mizxD^m'^ 
u-"^}^(Di^^^^i\SLhui^i^^-^{zu^^v\zm 

[0 0 3 8] so^Bjti. m^mi ecom^ 
\z. mmm 2 (DytiJ^ }^m\^. mm 2 cd^:W'1' \^m^m 
'7'^m^m'r^mm\zf3:^<i:v\zm&^nT\^^^t\^^o 30 

[0 0 3 9] m^mi ^ <DmMm\:^tz.m^^m^. ¥ 

m^^V—^mm^. I niiGai-iiNJ:0;^^Stt^cD 

tm^^n. mum 1 (oytiJ^ y^moALizm.m 1 o^i3 

F^^JgbTI ni2Gai-i2NJ:D;S:^— *«^CD^ 

yt:»^ ]^mi5^zsm2(Dyti3'i }^m<D±\zmmi(Dyti3 

}^m^^ZSm2<Dyt:»'i PStClgbTA 1 GaNJ:*9 
o V i r n ct 0 ^ i; "5 1 c ^ $ n T v i ^ « ^£ i 

[0 0 4 0] 2 0 ommt.. m^m i 9 <7)«fig 
\z. mm^2(D^i3-( \^m\tmm^^m\z^y}^m^n 
^v-^^<D^i&&\z^\^xmmxi&^ h^^om^^nn 

'^^^(DXdb^ 50 
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m^m2 KD^H^n, mism2 0(Dmmz. mms^m 

^^ZSW,2<D^^^ Ym\t.. #?gSit(7)Xl:fecfcD^X2 

oFeitix 1 >x 2 <Dm%fA^-iLt^^o\zm^^riX\^^ 

[0 04 1] tt^jgi 2 2 »^JS 2 0 (Dm^ 

\z. m^'&m^^xs'm2<Dit^^ \^m\t. %m^it(D 

X i*5<j:t;x2cDratcx2^x i^O(7)ia#;0^^SDii: 

o\zm^'^nx\^^^h^^om^^¥iM'r^%(Dx^^o 
[0 0 4 2] m^m2 3(Dmm^. m-^mi ^(Dm^ 

\Z. WISmicr)^;^f'1' FStc:fefrt^t3IB^^^y F®<hS 
b T ^ ® «gCD^M^ tC ti^jbMy&^J^^S $ tlT C'^ -5 t 

5 « ^ #Jra -r ^ CD T » ^ o 

[0 0 4 3] W*:S2 4(Z)%ig[l. »*S2 3CD«^ 

\z. m^'m2<D^ii^ ]^m\m^m'&m\z^^^m^n 

^^XSm2(D^i3'1 ]^m\t.. ^?gaJt(Z)X l^5<i:afX2 

oKt-xi>x2 cDBg^^^it^sst-r^ct 3 ^r?g^£$nT^.i 

[0 0 4 4] tt^:B2 6(Z>%ig^3:, ffi*:^ 2 4 <7)«^£ 
X l*5<i:a^X2c^F^tcX2^X 1 ^ OCDM^^t^DS: 

%2(D^i3^ Ymf)m=f^ify^^m^^mm\zf^^^ 
[0 0 4 5] a:*«2 7 (DmMm}:^fz.m^^mn.. ^ 

±.-l5\ZA Izi Gai-ziNcfcf?;^^— «mS!c0^lc7>3t:?? 

F^:05?^j5£$n. mmm i cd^:^;-^ Fso-ttcs^ i 

(D^:ff-f F^tcj^bTA lz2Gai-z2NctD;ft^— 

S<7)^2<D^:y-f F»*^xh^-f :/iKtc?&^$n, Hirl3 
m 1 c^>t:tf < F»:fe 2 CD*:^^ F^cd±{c^^ 1 

iBStes, :^ 1 cD^;^f-f F@. m2(Dyt^-( }^m:i^<^v^ 
^^yi^mit.. mi(Dyt:ff'^ vmt^'yy \^mt<om(o 
^mm.in:^^m 1 <D^ii-i ]^m^m2(D^'»'^ F^iicora 

CD^ffiffitrLfeJ:ZJ^^2CD>t:^f-f FS<i:^^^;/ F^^iCDf^ 

1. Zl, Z 2 43ckt;^Z SODPfltCX 1^0, Z1>Z2 
:fe<i;i;CZ 3>Z 2<7>P«^^^SS:-r^ct^lC?^^£$nTli 

[0 0 4 6] W*JB2 8c^)5!0Jt3:. »^JS2 7(Dm0Z 

\z. ^mmicDyt^J-i ]^m\zi5n^ti!m^^y}^mtm 

[0 0 4 7] H^^2 9 (D^BM^mi^Tzm^^mi-^. ^ 

IZA 1 GaNckD?a:^--^mScD^l(7)3t;W^ \^m^m 
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m^n. mmm i <D^i3-i h@co±13R^ i (Dt^a^ f 

XSm2(D%^^ KSfcSL-TA 1 GaN<fcD?S:'5— ®« 

2<D^ij^}imt^9^:^]^mt(Dm(D^mm.m,<Di^m 10 

[0 0 4 8] S^:^ 3 0 cO^B^li, 2 9 (Dm^ 

[0 0 4 9] mim. 3 1 (D^mt.. m^m s o <z>:k^k 

[0 0 5 0] 3 2 CO^igti. 3 0 (Om^ 

\z. m^m2o:>%ii^ \^m\t.. um2o:>yti3'i v^mftm 
'T'^m^m'r^mmizy3:^^o\zm^^nx^^^t\^^o 

[0 0 5 1] 3 3 (D^mit. m:^m 2 9 <Dm^ 
iz. mmmioyti}^ i^miz^i^'f^^m^^'^yvmtm 

■5 ffi J5£ ^ Jra -r CD T * ^ o 

[0 0 5 2] m:^m 3 4 CD^HJti. R^Jg 3 3 <D«i^ 5^ 

yt:»^}^m\'^. "tcDmm^mi^mmm^miz^^^m^ 
ri^u—^^<D^&^^iavys:\^^±^'^\zu^^v\zm 

[0 0 5 3] m^ms e<D^m\t. m:^m3 4 (Dm^ 
\z. ^^m2<D^ii^ }^m\t. ^m2<Dyt'»^ ]^mif)m 
i^^M^^'r^mm\zysi^^v\izmm^nx\^^^t\^^o 40 

[0 0 5 4] m^m3 7 <Dmmtm\:>rz.m^^m±. ¥ 

\ZA IziGai-ziNctO;^^— «mS!cD^lcO:>t:3tf< K 

}^m\zmhxA 1 12 g ai-12 N^K>rji^—mmm<D 
m2<Dytis^ }^m:^^xh'^^ymzm^'^n. mmmi 
(D%i3^ \^m^^xsm2(D^i3-( Ym(DAi\zmmi(D% 

13^ Ym^^lSm2<D^i3^ HglCSbTA 1 23Ga 



8 - 8 3 9 5 4 

16 

o:>m<D^m&^^^nm2<D%i3^ v^m^^'yv Ymt: 

^ v^m^^xsmmi^'yy Hso^jiaitcop^tcz 3>z 
2(Dm%ifi^trt^^o\zmi&'^nx^^^m^h^^^ 

[0 0 5 5] »*:S3 SCD^HJti. ffi*:S3 7 CD:^^^ 

\z. mmmx(o^ii^ \^m\z:^n^mu^'yv\^mtm 
L T ^ m^cD^mm \z \tmi\Mti^m^ $ nx ^ ^ t v ^ 

[0 0 5 6] tt^JBs 9(D^mu.. ^m^u-^mm(D 
m^-jj^^. ^m^^Wi±\zm^m^m^'f^:Li^h. 

^^^m<oAL^:^\z:sL\f:^^i^^r)Vm.&m\z^'oXG a 
1-Yi A \iiAs^r)ii.^~mmM(Dmi(0^i3^ VM^ 
mmrt^JLU^. M^lCD5t:tf-f KBcDJitcGai-Y2A 
1 y 2 A s cfc 0 2 (Z)^;^-f KB ^^J^^-r 

J:i;^^2co*:tf^ F^cDJLtcxtr5'^>'^;U^SSfcJ: 

oTGai-YsAlisAs J;0?^DiJtBG ai - y2 A 1 t2 A 
s :fe<t^/G ai-Ts A 1 t 3 CD#?lStt<0 Y 2 *5cfcD^Y 3 CD 

Fe^tc Y 3 > Y 2 <Dm%ti^^\rt^^o \z-'mmm(D^ ^ 

[0 0 5 7] H^«4 OCD^BJli. ^^-f^lz-lfSgcD 

^S'l4BcD±:S-tCXtr5^4^v^;i/j5KfiffitcJ:c>TG a 
1-Yi A 1 Yi A s JcD;^^— ®S^(D||1 (D^;y'l' Hg^£ 
?^^T^Xg<h. K^lcD^:^J< F^CDJLtCGai-T2 A 

1 12 A s ^yyn.^—^'mMo^w,2(o^^'^ Ym^wm.-t 

^xgi:, Kll2cD^:^f^ H^^xh^^ >^«igtc;^^ 

j;'5{cx-/^>i^"rsxs^, mum\(o^i3'^ Ym\z 

ff€rSft;r^Xig<^:, MIH^ 1 C05t^f-f H^*3<i:i;m 2 
<jyit13^ FgcD±{CXtr^'=^^>-^;i.^£SffitCci:oTGa 
1-Y3 A 1t3 As J:D7S:OMI2Gai-y2 A lY2As:feJ;D? 
G ai-Y3 A 1 Y3<DSig&it<DY2*3<t^Y 3<DPbTHY3 
>Y 2CDM«^t^a:'r^<±:5fC— ^m^cD^^-/ 

[0 0 5 8] tt*Ja4 1 <D^?gii, ¥^ft:l/-1fgecD 

^^#:Stg±(Cffitt®^£r?^fiK-r^XSt, 
Kffitt^0[)JiSrtCXt!^4^>-VJl-^Sl*{CctoTA 1 G 

a Ncfc 0;^^— #«^CD^ 1 cD^:^-r H^S:?^^-r^x 

Sai. Kmi(D^;9-f He<D±tCI nGaN.fcO^^'5— 
««^^D^2cD:)t;^^'^ K^^J^^Sr-SX^e^i. Km2(D 

^x^i:, Mie^ 1 <D^:^j< y^m^^u^ 2 <d^i3^ h 

®(D±tCXtf^:^>'^;U^gffi(C^oTA 1 G aNct D 
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[0 0 5 9] m^mAclO^mm^. 1f^gO 

H^tc}SbTVi;5:l.i®JSe(7)«SgS:K>ft;'r'i)XS 
{CXh!5':^'>1';i/|£:gffitC<±:oTA 1 G aNJzOft^- 
[0 0 6 0] »^J14 3CD%?^t^. tf^m(7> 

*«^^^S«±tcSttB^?^^£-r^xs^. 
MStt^cDJi;&tcxtr^^4^>^^;i/^S)£{c<^-oTA 1 zi 
G ai-zi NJ:0;^^— ^mScD^l 0*:ff-f 
T-5Xe<h. S^K^^tr^f-f Hg(D±tCA lz2Gai-.2 
NJ;0/ft^— ^m^(D^2(7:)*;9-< HS^J^^KT^XS 

lz3Gai-z3NckD?S:0taiaA 1 Z2 Gai-zz K^^UA 
1 Z3 G ai-z3 N(7)^ilSJt(7>Z 2 43j;rj;z 3 (DfiWzZ 3 
>Z 2(DH'eR>!^t^Sr-r^<fc5lC— #«^CD:i7^-/ 

[0 0 6 1] ^^:^4 4cD^0jti. ^mwv-^mm(D 

^ettBO±:&tcxtr^:^>'^;u^gai::j:-:3TA in 

G a 1 - z 1 N cfc 0 fi.^—mmM(D^ 1 (T^^r^-i- 1^H^?^^£ 
-r-SXSci:. K^l<D^:y-r KMOXtCA lz2Gai-z2 
Nc^0 7S:^-'^m^(Z)^2(D^:W^ HS^^f^^Ef^Xg 

^ KBCDJitCXtf:5^4^v'^;i/^S^4t-ioTA 1 Z3 G a 
i-z3NcfcD^DtttiBA 1 Z2 G ai-z2 N:fecfcD^A IzsGa 
1-Z3 N(D#?lSJtCDZ 2:fectrXZ 3(Dm\ZZ 3>Z 2(7) 

[0 0 6 2] 

se>, m8S£t3:|gl(D*«ft:S^S3 0^^#:P<hcD^tC*3 



(10) 8 - 8 3 9 5 4 

[0 0 6 3] Src. ffittBOStFf^ni T^t^ 1 co^f^^^ 
^nY2*t||3<7)^®^H<;)ffi©f^ny3i; 0 

[0 0 6 4] m'm^2<Dmmz^r^. ^k^^^^^^^;: 
m^m t<Dm<Dwmwgi^f&Bt^'D^mz±^ < -r-s 

[0 0 6 5] H*3B3CO«f£trJ:0> SttB:^ftGaA 1 

As ^r^u^^m^u—^m.m\z^^^x. mio^fi^ 
[0 0 6 6] m^m. micD^u^ HB. m2(D 

yei3^ ]^m:^^Zf^'yy}^m(D^m^ti:CDX. Yi. y 

2^J:i;^Y 3(DF^t::Y 3>Y 2*5.i;rKY 1 >X^OCOM 
[0 0 6 7] a^J®4(Z>«^£(CctD. Stt^;5>^GaAl 

Asj:r)u^^mi^u-^mmiz:i^^^T. m2<D^^^ 
[0 0 6 8] m:^m5CDm^iz^o. miimf>^GaA i 

A s ^r)fS:^^m^l^-'^mSlz:^^^X. iS^M^^klS 
m 2 (D^iS ^ ]^ m\t. ^rn^lt (DX:^^ZfY 2 omizY 

2(D^i}^ \'m\wm^'&m\z^y)^m^ti^v-^it 

[0 0 6 9] tt^js 6 (Dmmz^ D . m^mf)^G a A 1 

m2<Dyt:»^ }^m\t. ^m^itcDx^^zj^Y 2<Dr^\zx 
2'^o<Dmm:^mr)iL'^. S2<D5t:»^ fm^^s^ 

56? cDj^fitcj^bTSBjtzio, ^^mT&m\z^n^%m^ 
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[0 0 7 0] m^miommz^D. mi^mt^caA i 
[0 0 7 1] m:^ms(Dmmzj^r). e-tiM^^GaAi 

<!: 0 ^ n ^ — tf :)t (^) iSS (CM b TiS?g T & ^ 
[0 0 7 2] »^:^9(D«^(Cci;0. S-t^/i^^GaA 1 

:f3:r)is^m&m\z:i^»^^m^mm-r^ z. lt^^-u^^o 
[0 0 7 3] m^mi oommz^y). is^mt^caA 
I AsizDfsi^^mf^u-ifmmiz^^^x. hk^^;? 

-r \^mt(Dm<Dnmm.iffi^m^:fy^z>mm\z 

^?gSJtOX:fecfctXY2CD^{CX^Y2^0<DM« 
3&^J5£t33t-^. m2CD:)t:^^Hg:<?^«^^:^^^t-^Kff 
lc;^^cfc'5tc?^f£$nTV^5r::i?), ^2 CD:>t:tf^ F@ti 

[0 0 7 4] w*:^ 1 1 (ommz^D. m^mi^m'j^^ 

[0 0 7 5] ^fz. mKD^t:^^ ]^mt^5^y}^mt<D 

t(Dr^<Dnm&m:^^zsm2 (D^^^ i^m^^^y kb 

[0 0 7 6] ^2CD^;y'l' H^iScttX^^-/ H 

gc^^jgSJtCD Y 2 *5<ti;Y 3 orflfC Y 3 > Y 2 CDg8^ 

[0 0 7 7] re^:^ 1 2 (Dmmz^ V) , ^ttg;eiTS^# 

FSigs^-r-sG a A 1 A s mcD^m^u—'^mmiz^ 



(11) #^¥8- 8 3 9 5 4 

[0 0 7 8] 1 3 omiKtCct 0. 

P^ig^^'-r^GaA I A s ^(D^mi^u-^mmi^z^ 

[0 0 7 9] 1 4 O^^tC^i; 0 , SftB;!i?a^# 

F^ii^^-r ^ G a A 1 A s ^(D^^mi^u-ifmm\z^ 

[0 0 8 0] s^JE 1 5 (Dmmzj:^. m^mf)mi^^ 
F^ig^sr^-r ^ G a A 1 A s mo^m^u-'^fmmi^z^ 

^mm(Dmmm\z\t.m^tmf)m^^rix^^^rc^. mi 
20 [0 0 8 1] m^m 1 6 (omi^iz^ o , m^mi)m'^^ 

F^it^^TT ^ G a A 1 A s ^<^¥^#:l/-1f £® tc*3 

^m^ti^^^m\z^'^<'t^z.tiffi-c^. m2(Di^fj^ 
H m itmmmi^m fc j: d isjg^ w -ifyt(Dm& izn 
hxmm'c&^rz^^ mmmmmiz:$^n^mm^^m'r 

[0 0 8 2] K^^l 7(Dmmz^K). iS^Mi^m'f'^ 
Fffiig^^T^G a A 1 A s^O^^frL— 

5^? ^mmf)^":::>mm\z±^<'r^:itf}^x^. m2(Dyt^--( 
^^^^vfsii^^'^-^^zm^^nTi^^^rziib. m2<Dyt 
\zm.xmmhur>. ^^mi^miz^^-y^^mmu'^ 
[0 0 8 3] 8CD«^Kici:o. m'&mtm^^ 

Fffiii^^-r ^ G a A 1 A s ^(^^^ft:^— 1f ^Mtc43 

40 \^m:^m'7^^M^mT^mm\zu^Jzo\zm^^nx\^^ 
^rcab. m2a:>^ij'^ }^m\mmm^miz^y)^m^n 
^u-if)^(Dm&{zi^i.xmmtfsir)is&mjS:miz^n 
^^^.^mm-r^ z: tfj^x^^o 

[0 0 8 4] 9<Dmmz^r)^ fB^mtU nG 

^i^^Tzib. mmtm2<Dyt:»^ \^m:^m^'^nxi^^m 
50 i^^^r)7sh^^:fmmz(D^mnB<:f3:r). mm::fu 
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[0 0 8 5] Sfc. m2(Dyt:»-f /PmiZ I nG SiN^m 

[0 0 8 6] m:^m 2 0 (Dmmiz^ o , stteT^^ i n g 

[0 0 8 7] »*^2 K^mtCctO. nG 
[0 0 8 81 »*:S2 2COffi^(Cj;0, ffii^ST^U nG 

m2<Dyt:»'^ }^m\^. &m^it<Dxi:^^zfx2(Dm\z 
fiT ^ ^T-S) MiP \zf^^^z)\zm^^ fix ^ fc 

[0 0 8 9] m^m2 3<Dmmz^Y). f^^mifii nc 

y \^mh<Dm(D^mmji^mmf)^'omm\z±^<T^z. 
[0 0 9 0] m^m2 A(Dmmz^r^. i^^mmi nc 
v^mt^^y }^m^icDm<D^mmsi^mB:^^^mmiz± 

J: *9 ^ — if ^OJSS {C*f L TgB.g T * ^ 

[0 0 9 1] i»*:S2 SCO^^StCiD, nG 
aNJ:D?^^*«^U-1fSBtC*3ViT. miCD^^^ 

v^m^^^y ]^mt<Dm<D^mm,in^m^t^':Dmm\z± 

^m^itcDX 1 i^^ZSX 2 <Dm\zx 1 >X 2 (DM^i^^^ 

iL't^^oizm^^nxi^^r:iisb. m2o:)yt:^'i }^m\t 
^Mh:f3: K^ismm&m\z^n^^m^ti9mr^ z. tjo^T?^ 
[0 0 9 2] m^m2 ecDmmz^D. m^m^^i nG 



(12) 8-8 3 9 5 4 
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^<-r5^:<i:*tT^. ffittS:fecti;S2(D3t:*f-f 

tl. ^ilSJtcDX l:feci;t;X2C0ratCX2^X l^OOD 

m%t'^^r>tL%. %2(n%i3^Ymifim^^^^m^^ 

IKi?tc:^^<t5ft?B^£^nTVi^fc5f). II 2 cD5t??'1' H 
[0 0 9 3] it:*:® 2 7cDffi^£tC«fcO. S'ffiBj&M nG 

mr:>±r)xh^-(^mmz(D^mnB<:fsiD. mm-^u 

[0 0 9 4] Sfc. m2<^>t:^-f H«*5i:tXi7^o, 
^ co#igaJtOZ 2 45J:r;:z SOFeltcZ 3>Z 2<7)M^^t 

[0 0 9 5] ^Tz. f^2(DytiJ^ '^m\tmm^'&m\z^ 

[0 0 9 6] »^:®2 B(Dmm\Z^y}. m'&mffll nG 

[0 0 9 7] m^m2 ^(Dmmz^y). m'^mffimf-n 

[0 0 9 8] ^fc. Hl<^^:^f-f HSt^^^-/ H^tcT) 
Fpl(7)^®}£ta:^/^ mi <D^^^ }^mLm2 (D^t^-i V^M 

40 h(Dm(owm^^^^xsm2(D%i3'i v^mh^^v 

[0 0 9 9] m2(D^i3'i Vm\Z I nG aN^ffl 

Vi. ^7^-/ H^tCA 1 GaN^ffll.iTt/^^fc56. II 2 CD 

[0 10 0] m^mz o(ommzxr)^ ^^mtm^f-Pt- 

50 ^«ig^*-r^ I n G a N|g(D¥«^^l/-1f^Btc:feVi 
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[0 10 1] mim^ KDmmz^y). ^^mi^mr^ 

^rcisb. m2(D^:ff^ v^mus^miz^io^m^n^u 
—ifyt<D^^izMVTmmt:fs,Os ^^m7Em\z:^n^ 

t 0 1 0 2 ] 3 2 (Ommz^ 0 , ffif4^*^fiT# 

T. m2(Dyt:»-( ]^m^m'f'^m^m'r^^m\z:f3:^^ 

[0 10 3] S^:^3 3co«^StCctD, 
FffiiigSr^g-r^ I nGaNI^(D^«#:l^-ifSei::*5t.:^ 

mm<o&mm\z\tm<tmf)m^^rix\^^^rzi^. mi(D 

m\z±^ < -r^ z. h:^^x^^. 
[0104] m:^m 3 4 (Dmmz^y). m^mf)mi^^ 

^mm^^T^ I n G a N|gO^«#:l/— if^B(r43V^ 

Tmmx$>^rzi5b. is^m&mzi^if^h^m^mm'r^ 

Z.Lf)^X^^. 

[0105] m:^m 3 5 (Dmmz^ o . e^4g7&^«T# 

mm:^^'Dmm^z±^<'r^zttitx^. m2(D^ii^Y 
m<DmM^miA^^m\z^r)^m'^ri^ i/-if>ecDiS:g 
^^^\^i^^^±^^\zm^-^nx\^^^fz.^. m2(DytiJ 
^ }^mitmitm\z^D^m^n^u-^3^(Di!k&\zMv 
TSHjt^D, fs^m7&m\z:^^f^^mi^mm^n^o 
[0106] mis^m 3 6 commz^ o . e^4g^^s-?# 

mmf)^'Dmmz:k^ <^^z: tf)^x^. m 2 (d^:^^ h 
m^mi^^m^m'r^mm\zf3:^<i:^\zmm.^nx\^^^ 
fz^^2<D^i3-( Ym\t.mmm^m\z^K^^m'^ri^\^ 

[0 10 7] mi^ms 7(Dmmz^r). ^'^mtm^^n^ 

^mm^^\^X\^^^tz^. I nGaN?^<^^«<$:W— tf 
[0 10 8] ^fc, miO^:tf'< KP<h^^-/ HSaiCD 
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m(D^mmif}\ m 1 o^ii^ \^mtm2<Dyt^-f 
^mMmzmm-r^ z. 

[0 10 9] Sfc. ll2<D^:^f-f H^:fcckW^^^^> HB 
tCI nG aN43cttXA 1 GaN^fflViTli^fc56, 1^2 

10 n^ztf)^x^^o 

[0 110] Src. m2 0>t;^-r H^J^tafBffii^^tcJ: 

r)mm'^ti^]^-'^^<Di^mizMvxmmx$>^rcisb. 
^si^mjEmizi^n^^m^mm-r^ z ^f^^x^^o 
[0 111] tt*jR3 sommz^^K). mi^mf)m'f'^ 

X. mKDyt^-i Y'm\z:i^\f^^'yyvmtmvx\^^^ 
mmommm^zitmitmftm^^nx^^^rzisb. mi(D 

20 [0 112] mikmz ^<DmmziiK>. mi(Dytu^ k 
m(D±.\z^2(D%i3^Ym^m^i.tz^. m^2(Dyt^ 
^ \^m^7.h^^':rmm\zjiy^>^'r^rzisb. mi<D 

[0 113] Sfc. Gai-Ti A lyi As J:D;^'5||1C0 
ytli-i ]^m:^^ZSG Sii-i2A lT2As<tD;^^|g2(D^ 
-fJ-i \^m(D±\Z. Gai-T3A 1y3 As i:07^t)taSBGa 
1-12 A 1 12 A s tSctO^G ai-y3 A 1 ts A s CD&jg^itCD 
Y 2 :$d^ZSY 3 (DKtCY 3 >Y 2 CDSI^^^fSOir^ck 3 

y'm^^mzm^Mmmm^m^^ti. m^mm^mm 

[0 114] m:^m4 0(Dmmz^D. mi<Dyti}^ h 
m\z^if^m2<Dyti3^ vmf)m^'^nx\^^f3:^^mm(D 
mmm^m^tt^nim^m^x^^^^rzub. mi^^-n^ 
Hgtci5tj-^i7^^v Ymtmvx\^^^m^(Dm&m\zm 
i\:m^^'r^^m^v-^mm^mM\zmm-^zhffi 

40 [0 115] mi^mA lommz^y). mi(D^i5^ h 
yt^-^ \^m<D±\zxh'y'i^i^(Dm2<Dyti}'i H@^t^ 

[0 116] A 1 GaN^y)f3:^mi(DytfJ^ F 

B:fe<fcI/^I nG aN^DfSi^m2(Dyt^^ Vm<D±iZ. 

Al GaNJ;:r):^:^^^y l^m^m^T^fcit. W,2(D 

50 m^^n. m^^mmmtim^n^o 
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[0 117] a^3S4 2(Dmmz^y). mi<D^i3^ h 

[0 118] m^mA 3<Dmmz^y). mioyt:^^ h 
mo:>±\zm2<D^i3^ ]^m^mmi>rcik. mm2(D^i3 
vm^Tsh'^^^mmizx.v^y^'r^r^^sb. mio 
^i3^Y'm(DAi\z7.h'7^'f^(D'm2<D%i3-(\^mf)m lo 

[0 119] ifc. A Izi Gai-zi N<i;0;^^lll (D^ 

HSOJbtC. A lz3Gai-:3N^D;S:DWIEm2<Z)5t:tf 
-f F145ctl)^i7^-/ HSc^#?gSJt(7)Z 2fc<ty;z 3 CD 
PfltCZ 3>Z 2 0||^;^^5^eic-r^c±:5tC^^v/ HB^^r?^ 

[0 12 0] »*:^4 4C7)^^£lC<tO. S 1 (7)3fe:^-f H 

m\z:i^n:^f^2co^:ff^ \^mf)m^^riT\^^tii^^m^<D 

\^m\z^n^^'7v )^mt,m\^x^^^mm<DmMm\zm 
ikim^^'r^^mwi^-^mM^mm^zw^r^ z. 

[0 12 1] 

[0 1 2 2^1 miit:^%m<Dmimmmzm^^mi^u so 

^Stg 1 A<D±\ZG 8i A s ^r):^^ nmo/'Xy y T m 2 
A (iP^O. 5 urn) J)m^'^n. /'^yyTm2 A<D± 
(CGao.5 Alo.5 As ^DfSi^nm<D^yy }^m3A 
(JP^l. 5 urn) fjm^^n. ^yy}^m3A<D±\Z 
G ao.85 A lo.i5 AsiD;^-2>Sft^4A (iP^O. 0 
4 um) f)m^^n. Stt^4 AO±l'G a 0. 5 Al 

0.5 As j;:K)f3i^mi(D^mi$^m^vx<Di)m<Dmi<D 

^:^-f H®5A (JP$0. l^m) )5ftj^|£$n. mi<Z) 
^r^-f AO_blZGao.8 AI0.2 AsJ:D;^^X ^ 

h ^-l- 7^*^(7)^ 2 a: LTCD p m<Dm 2 (D^iJ 

H@6A (®$2 0nin) tmrn^^tl. MKD^^^ 
H@5 A:fectr;m2(7)5t:tf-r F@6 AO±tC, B^Efift 
tCctoTGao.5 AI0.5 As XDfSi^m 3 (D^mit^m 

hvx(Dpm(Dm^ii^^^yy]^m7 A im^i, 

m) ^mioSL^n. Sfeii^^^^y H^7 ACO_htCGaA 
s cfcO/i^n^^^^ Fas A (]P$2Min) ^tj^fig^tl 

[0 12 3] S^LAc*— «l^-FSgM^# 

^fc!se)tC, m2CD^:tf'1' FSe ACDHJff^li. SiS?)ii^ 5^ 



8-8 3 9 5 4 

^y^y}^m7A<Dm^m^r)hm<m^'^nx\^^^o * 
II 1 ^ 2 cD3t:tf-f F^ 6 AO A 1 A s 

itS:Sa6a^^ ^ F^ 7 AO A 1 A s M^lt^ 0 t>(g; 
[0 12 4] feU. :^2 0^:^f'f Fg6 AOA 1 A s ^1 

S]t;0ta54)e.^^7^^y 7 AO?gSlttl^3^Ta5^ 
T>^i}^ \^<Dm^^hf^^X. *-;^«^-F5! 

^«#e>n;s:v:^o ^bT> ii2o^:^f-r Fge AOA 1 

A s ?lSJt*^a86ii^5' ^ F^ 7 AO^lSJtct 0 feiS 

Vi^'&fc^i. =^^-F5!S:^^ffi8e)T:^*^tc:*^c 

1 ^Jfi^^lTtt. m 2 OytU^ F^ 6 AOA 1 A s U^it 

m^^^^ y V YM 7 A(D A 1 A s ?iait<t 0 'bi- 
43^tC<E<. 0. 2tC|g^LTV^^o 

[0 12 5] m2\t.. :^hy'i^\H9V(Dm^mm^n 

(An) OSiith^^^CD— #i|^7KbTl/i^o 5tx><X 
^tc:^ffl^n^7 8 0 nm^CDjg^S03ttC*fUTfflV^6> 
n^a2s6ii^i7^-/ F^7 ACOigSJtd^O. 5T$»^JS 
:ll2cD3t:»'Y F^6 ACOjgait (Y2) ^0. 2 
'^OjP$^2 0 nmgSJcT^t. ®$f*SiS:Kii 
^#^OtC+5>;^SI?^jaSf^^An = 7 X 1 0-3;<^t#^ 

n^z.hti^^t^^o dOcfc^tc, ^msSOTTti, m2 
o^:^^ F^eAOA 1 As^ait^Jt^td^^T'S^ 

iitccfco. ^^mzm^^^2<D%i5^ ]^m^A<Dmmf)^'^ 
[0 1 2 6] x^:/5">i:/sg^L.T. ssK. rnm^uE 

n 1 (D^tiJ^ FB 5 AOA \AsM 
^tttm^&^^yy Fa7 ACDA 1 AsJgSitt^H 

yt^^ Fg5 AF^Tf?ihLTt/^^®0tC*5V^T^^bit 

FPflX^^'i7X/\MP^TS^tt^<ll-c7)!|$'l4<& 

wr^¥^^i/-ifgm^#e>n^o ^i^ss^jTti. 

^10^:y-r F@5 AOJP^^O. 1 /jLmlzm^h. m 
2(D^:ff^ }im6Ao:>m'^(Di omizlyX^^^<DX. # 

M Jf^ 14 O X V/ 5" > ^fiS ^ ffl i T X 5^ > ^ 1 CD ^ 

:»-f ]^msAp^xmm\z^±x^^o 
[0 12 7] mz. mMmm<Dmm\z'z>\,^xmmT^o 

Atm^Ti-^^yy ]^m7 At<Dm<o^m&m.^. m2 

(Dyt:^^ FB6 AchJSJ^ii^^^iy }^m7 A(Dm(D^m 

m.m.Rxsm2<Dytii'< }^meAtmit>&^^yy Fa 7 
^Bizmmx^^. mi^mmx\t. mio^:^<Fa 
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(15) 

5 A(^A 1 A s Saii:<£:l|2 6 A(DA 1 A 

-Tfeifc*^, GaA 1 As5^C0tJJ(SF-t?tt. AlAsii 

A 1 OK^tlceH"r^^^B52pfi[;0^|g:#<^ASn^o 

■S)T, A 1 A s ?iait(;5iSVi#lL#:aStCB££S^£fT/^ 
[0 12 8] IS3ti, ^i^tCj:0**fc, 

A 1 A s u^mzM^^nm.-m&m'&<omm^^ lo 

II1CD^:^'1' ACOA 1 A sSa 

it (YD ^^Afc*>coTS^o ■r^t:*'^. miCD^:^ 
-f A(Z)±{cMOCVD&(3ct^H^£S^ff:^^fc 

fe(DT&^o A 1 A s?iSJt(Z)*i:^(c#o'r, SJE^^ii5 

O^oTTVK e:i:;^t^;0^^o l^tC, A 1 A s jgSitTii^ 

ACOA 1 As^lSJt^O. 5LV.m2(D^ 
:^-r A<DA 1 As^SJt^O. 2 t'r^:i(h[cj: 

19. 7.h^^:/mmp^^<Dmmmm^mm.i^x\^^^o z: 

[0 12 9] m3f)^iE>m^t^f3i<i:o\Z. mi(D^^^ K 30 

^it(Dm\^^:ijf)mm\zmmm^^ffU3z^f)^x^^. 

o-r^. yzf)V^y^um'^lZiin^mS,:^\^CDyt^:(^-K 

(Dm^^^±^<y3:D. mmm4Aa:>yt(Dmv:i!^m^i!)^ 
<y3:^:it\z^^mmv^^m<D±^ys,^(Dmmm 

\z\t.. mio^i^-i }^m^A(Dm^itti^o. i^m^^ 

[0 1 3 0] -e^iT. m^m^^^ommznfx.^^'D'D 

tiS^m4AL(Dm\Z{}>U< im<DG aA 1 As^ 
m5A(DT{zm^\ftl"D<DGaA 1 Asg^iiJOLT. 

GaA 1 As^o?isjt^{g<i$^'r^o m^^t. mi 

(Dyt:ff^ 5 Aco^gSJt^ 0 . 8 tc-r^ t*tc, Mlm 

^nfcG a A 1 A s gCOilSit^O. 5i:-r^<h. ctD 5£? 
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a A 1 A s m(Dmm\^yt»^\zm^^^^rs,^^mm 

(0. Ol/zme^T) (7)JS$tC-r^::^(rJ:D, SffiB(^ 
A 1 A s m(DM^tt\t. m 1 <Z>%:^^ Fl 5 A J; 0 t>^£ 

<is:5£t*^*^. sttS4 A^=^^^UT^iaL;;ra6^i6Mg 
m^^mn<Di^^^y ]^m3Atmmm(Dm^it\m^mx 

^z'r^iZ>^^^^$>^o 

[0 13 1] Sets. ^1 (7>3t:^-r Fg5 AtSttS4 A 
i:(Z)mfCStt^GaA 1 A s 2 m±tCbTS-^<7) 

m^tttmmt^m^\zu^^t>'tt^z.t\z^ri^ t^^t 

[0 13 2] Sfc, SSfailxfcS^tSGaA 1 As^tCK 
et*, teOA 1 ^^trtJJ(st5^, ^J;^«I nG aA 1 

[0133] * fc. m 1 ^sswT^i. A I (Dmitmm<D 
m'^iz'::>\^^x<D^mmvrcf)^. mcD^^mi^un (a i ^ 

^*;^ViM!fBt, I nP^. InGaAsP^. Z 

nSel^) tC:feV^Tt>. 1 OgffiCD^ 1 <7)5t 

HS5 A^^r^MMt;iKfl:^ii:^e:tllci;0. I^^CD 

$)oTN^X^^^*"r^MtC, 111(7)^:^^ Hg 5 A ^£ 

mmw^m^^izmm^ttTm i 5 A^K>ft 

H 1 co^:^f-f FB 5 Alc:fett^ffl56 
FM7 Ach^bTV^^^J^c^gffi^tc^ib^ 

x$>^mm^^&^imfs:v. 4¥^m^m\z^^f^m^^ 

hm^ii^^^'yy F^7 Aa:CD^O^MffiSx^iS< 

[0 13 4] ^Td, ^<7)^iitC*5V:*T. pS<7)GaAs 
3>3^iJ7 Fg8 A:fii^e»aA^n^Sffi^lX h^-f T'®^ 
F^tcHUi^is^^n. X F^<y®«cOTffl!l(;DGao.85 A 
lo.i5 Asi:0?S:^S14^4Atc43^iT7 8 Onm^cD 

[0 13 5] ^^tC. ^lOffi^iiTli. /h^TS^^Blff^ 
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to 1 3 6] i^4ti, *^egcoiimia«3|{c*3tt-5>x^ 

(da) 43<tt)C^10>t:y-f AODPj? (dp) 

[0 13 7] fib. :)t^^iSb#^&GaA 1 As^. 
"O*0|gl^ifS*«J(C*5^t'i)n^CDG ao. 5 Alo.6 As 

(MOCVDte) T«S e^^^Jnbfc«^> ;in6>cD:^ 
iSffifetiG a A 1 A s *'rDXir>5^-^:?5:D> 3SmW;6> 

[0 13 8] zomm^m^-r^fz^^sbiz. ^i^jsmt 

^^&®JSb#^GaA 1 As(;)^Stc^iM#;(hLT 
S i ^£:^SnbTVi^o S i ti. G a A i A s |^30D X-fe 

mcDffittit;x:^;p:^-:^^t, t e mss e 

I'i^*^- F tcMbTti^^l--5='^ >^^5&<h'?^^b 

m'^\zyi^^i3\^<D%m^^mi^n^±^<v^m 
^mm(Dmi^\z^^^xm^'^i\:^m^fz.}sb\z\x. 

[0 13 9] eJlT. 05 (a) . (b) ^XZf (c) \Z 

S':^#, ^lSISSeytc«^^¥^#:l/-ifSec^Kig;&^* 

[0 14 0] 05 (a) tC^-r<fc5t3, GaAs 

^KiU^nm(D^mi^m&l A(D±\Z. MOCVDXIS 
MBE^K:g:?*(Cct 0, G a A s J: 0 n ^CD/N^^y :7 7 
^2A (jp$, 0. 5 Mm) , Gao.5 AI0.5 A s J: 
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O^i^n^O^^-/ FS3 A (jp$, 1. 5/xin) . G 
ao.85 A I0.15 As<tD>S:^flfttS4A (jP$, 0. 0 
4 fjLTn) , Gao.5 AI0.5 A s cfc 0 p 1 CD 

yt:^^ Fg 5 A (if 0. 1 iim) . G a 0. 8 A 1 
0.2 A s iD?S:^p^(^l|205t:^-f Fee A (j?$. 

2 0nm) ^m^km^-r^. ^2(^5t:^J< Fee acoa 

1 A s igSJt^bTti, f|^S;«i^Wa;^0. 3£^TtC 

b. u-^yt\zMhxmmf3:m^itx$>^zhf)tm^i^ 
mm \z:^^^r \t. *f a n (Dmm-^ e> tz ttT 

f3:<. ^2C0^:fl-r FS6A<7)A 1 AsJgSJttUT, 
Sft^4 AOA 1 AsigSJtT&^O. 1 
tC±#Vifit-rfe^O. 2(7)M^fflt<^^C<ttCl^TV:i^o 

[0 14 1] zzx. is^m4A<Dmm:i^^zsmi(Dyt 
fj^ ]^m5A(Dmm\t. S5ebfc*-«^-F^^?i^fc 

2s6tr. ^^atFf^^An=5X 1 0-3<i:;^^;p${cbT 
20 Vi^o «14g4 A(7>»m^tCt?ViTfi. 4#lCie®bTVi 

>F— T'TS^oTfectVic 

[0 14 2] 'Alz. 1135 (b) tr^-Tcfcptc. xh^-T 

yif\z^r^m^t^o aiv'^yifoWi^n.. miay^n 

FB 5 AOei?^^2 0 nmTab^:^>^e>. it-f Fx-/^ 

X:y^>^«e'3^ti%H%*b;^Vi„ XF^-fT'itic^ 
^fh^2. 0 jtim^bfci:#fw, §efiSl;i®f^bfc¥^ft: 

Tt;5:*9, 09-012 (3^f fi£*C0¥#ft: l/-1f SB 
CDtie,'::)^± 0. 3'-±0. 5 MmlCjt^T*U<{S;ig 

[0 14 3] j^, :^y^yifm'^^nm\zumt^rz^ 

\Z. ?iSitO<£Vi||2C0:)t:;y< Fge A(D^^®*^WtC 
X 5^ > ^ -r -5 X -/ ^ > F ^ ffi V =1 ^ ^1 ^ fe iff ^ b ^ o 

c<^:*rjitcj:t). iiSitoiisvim 1 o^:^^ F^ 5 A± 

yitgcDX^>5^>^tf&'::?^tl5&i:^i;;^t.io :^#:6g^X 
>F;0^^tfe>n^o ■ 

[0 14 4] A\Z. 05 (c) tC^fJcptC. MOCV 
DXtiMBEj5£SStCci:oT. Gao.s AI0.5 A s i: 
r^fS.^'Pm<Dm^iL^^ ^ Fg 7 A:feJ:t;^G a A s 
0 p ^cDn >^^^ F® 8 A^n^&mz^ r> WAm 

5^ Xti. A 1 A s?gSJtCD{g;Vip^<7)G ao. 8 AI0.2A 



31 

0.6 Alo,6 A Sc}:P3:^^i7^-/ HM7 AODH— /X>h 
7X10^' cm-3i:b;^c 

[0 14 5] «*«J?&:*fmtbTt5. mWLffi'Pf^^^-^}^- 

D/^^i^^.;; K)i7 A<7:>F-/^>htcfflt.i^c:,h;0WS 

[0 14 6] :*tc. GaAs<±:D;^^n^CD*«*^S« 
1 A43J:D^G a A s J:D;^'2>p^<Dn>^i7 hS8 Ate 

[0 14 7] 1^. MIH^lllifS«?lltC^^iTti. m2(D^ 
2(n>%ii^ KSe ACDA 1 AsilSit^gtt®4A<^A 

A<DA 1 A s?gSJt^ef4g4A<DA 1 As^gSittl^ 

mjL\t&<'r^th^iz. m2<Dyt:»-f ]^m6A<Dmm 
[0 14 8] meu. m2<Dyt:»'i }^meA:fymT^^M 

6 A(Dm^%^\Z^'DX%ihtl^ny KPpIx:?^;!.:^ 

l2l|lSISS«3JC0j;'5tC7 8 OnmCD^g&SCD^^. ^ 
2(D^iJ'iYm^AifiGsiAs (Y2 = 0) -Cfc^T 
t>, ^i?;0^3 nmJ[^T-Cfen«, m2(D^1i^ ^M^A 

i)m=f'1Si^\Z^y)mmi^n,^Z,Lti^^ti^:b. Z.CDm'^. 

m 1 (Dm 1 mMm\zti:^x . m2<Dyti3^ v^m^aoa 
I Asu^]t\^^<m'^x^^<Dx. xh^-i^mwm 

tT.ayfc'&ittmri^o ^fc, m2(Dyti3'i \^m^A(D 
mm\t. m=^iS}^^n^z<Di^^\z:^\,'^x\t.n<u^ 

tl^. m2<Dyt:»^ }^m6A<DAl Asm^it\tf)^f3:r)& 

< (jsiff^tiiso x^^(Dx. mmm:»'i \^\z*£^mu 
[0 14 9] ^fz. mmmimmmiz:^\^^x\t. aia 

s?lSltCO{£l'^G aA 1 A s ^m2<DytiS'i' V^MeAlZ 

i&(Dunx^mt>y3i\^^. Tzfzv. m2.<Dyti3'< }^m6A 
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^^^mm^m^^t^ztf}m^L\^K m^i(t. in 

[0150] I ni-i Gai Asy Pi-t <kK)y3: 

2 (Dyt^^ F« 6 A£fflViTfct9IS<i:|t|]^CD!t$tt*^ 
m^n^o ZOm-^lZ^t. Ga As tfS-^M'&^t^fc 
ift. XtY^i, 0. 189Y-0. 418X+0. 01 

3XY+0. 1 27^oa:)mm^mrz'riS^^^t}^h^o 
10 [0 15 1] ^tz. m2<D^i3^ \^m^A(Dmm^mt. 

Ix— tf51£OiSS(^x:^^;i/:^2- (E) ^K>^±^\^'^^Z-^ifl 

S>^(DX. 1. 3 5 + 0. 6 7 2 X- 1. 6 0 1 Y + 
0. 7 5 8 X2 +0. 101Y2 -0. 157XY- 
0. 3 12X2 Y+0. 10 9XY2 >EC0B8^^iKS 

[0 15 2] ^Tz. I no. 5 (Gai-i A li ) o.s P 

ct D;^^ll2cD31£;tf-f HB6 A&fflViTt><kiio z<Dm 

^\z\t.. x\zmt>^-rmmwm\tu-^i^<Di^sL^oh 
20 ^t:mvs:(Dmmti^^^(Dx. x<o. zx$>^zt,i)'^m 

[0 15 3] ^^\Z. IfSScOteU^Vifil^t: 

:itf)^mmx$>^o TfSit)^. mitm4A{z. i^>^)V 

tiy^h.^:iL)V (SQW) ^-ifJVtiy^J^^aDV 
(DQW) h^)^)Vti>^JA^^)V (TQW) li 

ig. i^U> (GRIN) :»itXt^-^<7)ir/1l/-H3>:7 

30 [0 15 4] 1^7 (a) M I \z^Tm 1 ^Mmizm 
^^mwv-'^mm\z^n:bmM-^mti(D^'&.mx$> 

10%. =K^S7 b%(Dzi—v^^>if^nn.^tz.^^. 

L^t.^<I2 0mA. ;;^D— :/^^0. 9mW/mACD{S; 

7 8 0 nmOa^fitC:feV:iT^5£b;^c*— ^- FT* 

[0 15 5] £4T. milllfSOTtC«S^^«#:l/-1fSg 

4t? 0 Mm, ^ffiRlt^t5 3 2%<i:UTVi^. ig;?l^>ffcCDfc 
s?)tC, 1^4;0^^>, da = 0. 04/xm. dp = 0. 22 

tCi£^^7^ItrfPSflg<i^l2 5mAT*^o «I^-H^i. ^ 
^;^S*^-HT%tgL:rco X^i^ h;P^3:7 8 0 nm^ffl^ 

0. 0-- 1 0 %CDM03l£^cDiaffll^"e— 130 dB/H 
z CDffi*f3SS*6^ (R I N) (Dfii^#T:feO<£S81^#14 

[0 15 6] e^T. ^mwi^-^mmo^mm^imtz^ 
50 \z. fs'&m A A\zm=f'^'pmi&^m^^rz.iB'^\z'D\.'^xwi 



—445— 



(18) 

33 

07 (b) \t. fi^#F«ig<hLT, 7 8 0 nm:^ 
COl^— tf^^^S^^-r^ 1 0 nmODiP$(DGao.95 A 1 
0. 05 A s J: D;^^4gcD»i7 3i;i/g*5<i:0^4 nmcoiP^C!) 
Gao.7 Alo.3 A s 5gc^yN*UTM:0ve.?S:^ 

"7;i'5"*>5^A»>ai;^ (MQw) m^^m^^r^h^<Dm. 
m~yt\hid^^^^\^x\^^^. *ffiss4 0 0 lira, m 

1 AtUTnMCOfeO^fflt.i^^'&CD^^^bfc^^. * 
Afwp^COt)C^^£:fflC'iTt>:^:b;^Vi, ^^^m 

v'>^tS*fi^]K^f>ftt;tS i t— hv^i^^XtlS i CCD 

zcDTcsb. ^m\zzixhmzm^^h(D\zf3i^^j^f)t 30 

&^r:io t:z:5f)^. :^^miz^^t.. ^m^&^l A\Z 

n^%'^x^^zt.\zu^. 

[0 15 8] J&^T> i?-^m(0%2Wm\\Z%^^m^V 

~^mw\zr:>\^xm^'^^m\^nif^hwm'^. m2m 
mm\zm^^m{^u-if&m\t. is^m4B^^i nca 

[0 15 9] ms\^. m2mmmizm^^mi^u-'^m 

'i^<i:r)f3:^mm^<Dm^lB<D±\Z. GaNctD^-S 
n-;:7T^2B. nS!(DGaN«fcD:^^m2(7)r3>i$^^ 
h^9, n^CDA 1 GaNctO^S^^^u/ B, I 
nGaNJ;0^J:^fl&'l*^4B, p^<Z)A 1 G a N<t t) 
^^1 c^%:^f-f K^5B, p^c;^ I nGaNctO;^^^ 
2 co^rtf-Y H@6 B. p^CDA 1 GaNckD?S:^S5?)ii 
^i57^o/Kg7B. p^<7)G a Nek 0:^-5111 on >^ 

m 9 cDjLtc-en^^nj^^s^n^a 5^? 
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[0 16 0] mmm2mmm\z^^^m^\^-^ 

[0 16 1] ^t*, it:7T^-^J:0;^^a«i bcd± 

(r, 5 0 0t:SffiO^STlC:feViTGaN<tD*^n^;/ 

:7rg2 B^mffl^Sffiti<i:DJg£tEbfcm, l 0 0 ot: 

£i±C0ii5ST{C:feViT, m2C0n>^^h^9. ^ ^ ^> 
FB3B, fiH4g4B, ^1 (T^^^J-I- KS5 Bao:^2 
O^t^f-f H^6B^»ffi^£Sj*tCctDJi:^?^££T'2)o * 

tc. ll2 5tco:^f-f Hg6 B^x h^-f :/t^t::'i7x-/ hx 

^ }^m6B<D±\Z. nAMUT^Z:^^^Tm&&^^'yy 
H@ 7 BStX^ 1 cT^n >i5^i7 hg 8 B ^^ffi^gJ£t-J: 

OJili^*:?^^£T^o :k\z. m2(Dziy^^ hm9\z:^»:b 

mm^m^'T^m^^mm^'tt^brcisbiz. :^2n>^^ 

K»9:«i^*Kffi-r^*TX-/^>if&fT;ftVi, KmL:it|g 

h^8BCD±tcps«ffi ^-^n-^^n^^K-r ^ » 

[0 16 2] 1^. *m2||3fi0«tC:feViTlS, &i&lB^ 

MgO. SiC. GaAs, si:^^m(DMn^m 

SS^^^^$ntX«G aNi; OT^^SK^ffiVi-Sd t^t 

[0 16 3] Sfc. FB3B. ettg4B. mi 

<D%i3-( ]^m^B^^Um2(D%i3-i Hg6BCD&gCD 
taKE<^G a A 1 A s ?^CD^lStSS^JcDJg^<h{a 

[0 1 6 4] i^aj5£fi{c*5ViTti, ^mom\z3^ 

[0 16 5] l§3 8tC^T|g2|ISSt«l(C:fet/:>T, ^ 1 
iJ^ H^5 BHA 1 ^'g'trtJJ|sfrS^;ts6*M^:^M4' 
S ttl $ -y: ^ ;i J; ^ e mmit \ZfS^o !KmfA't(Dmm 
\zmX'^n^^t\zfs.^o g«IK{bUfc^icD^:ff>f H 
;i5 BALlz^^mklz^r^m^Th^^'yy HStb^j^ 

m<D^m&m^. A\^^'^m^m2<D%i5^Ym^B 
(DAiizmi^'Lrrzm^iL^^^y \^m7BLmm2(D%i3 

H^6B^OFBl(Z)^ffi®irLj;0 t>;^#<75:^o Tf^t) 
^1 cD=i>5^i7 hB8 Bj^^^ffiA^n^SJStl, X 

<D^m^mA.B\zmn^^^\zni^. mM-:fuy^mffl 
^^\^u<x^nmmm^mmx^^o z,zx. ya-b 

XtC:feViTll. ^2(7:)3t:^?'f Kg6 B;ei^#«EL;^V>^iS 
fccfe^t^^ 1 (D^t^-f y^m 5 BOSffl^S^fk^i^^SXg 

[0 16 6] ^Tz. I nGaN^DfS.^m2(D^'ff>( Yi 
g6BCDBSrWlA 1 G aN ^^fSi^m^i^S-^^ ^ y V 
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[0 16 7] tz^-v. m^^&mz^r)j&gi^rircG 
<D:^^m^mi}^^mum^'^mmz\^m^'^tiir. 

i^u—*fmm<D'^n±7.:^^zs^mz^^mm^mi^ 

[0 16 8] m2CD^;^f-f FSSBti. fl?ttB4Bj!/^e. 

4^^^ 1/ — tf o {c^t L xms^m ^ s: -r e> t 

$>^o — fiSMtCli. ^2CD^:^J-f HB6 BCD^M^ipi^ 
nil G ai-ii NT«$n^fi§ttg4 B*5«i:D^ I ni2 G a 

1-12 N-vmi^n^m 2 cD^^s-i Kg 6 b <D^m^it\z:^ 
m 6B<Dm'^tm^^'^m^^mf^mm\zm^^m'^\z 

x-/5^>^tc^3^t^g:M;^^^se>^c/J^$<;feo. :?'Dirx 

[0 16 9] 1^, m2(Dyt:»'i KB 6 BCD^^JfSfchbT 
I nGaNtcK e»n"r. 011;^ tf, SJ^i^.^^^-/ K 
S7B<hl^CtJjsJ-c^^Al GaNTfeiVio :i(Dm^ 

A 1 GaN(D:3&:^^n nGaN^fcO^^SH^ipiti:^^ 
Vi(7)T. m2(^^:^f-f HB6BtSl/-lf^t'JJUT^tC 

mm^f3:^a r:ifzv. mmm^mi&mm^^^r^i^iz. 
B(Dm^^^r)h±^^^:Lhf}^W7^'^n^<D'c. aiz2 

G ai-i2NXm^n^m2<Dyt13'i HB6B:fei:r;A 1 
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23 G ai-izNl^m^ti^Mib^^^'yy Kg 7 BCD€-?g 
SJtJ'iStt^Z 2 chZ 3 (hCDKtCZ 3>Z 2cZ)BII^^^ 

[0 17 0] ^tc. mm.m^<orz^izu. mi(Dyt:»-f 

FB 5 B (D^ifim 2 KB 6 B i 0 fegffiK^b^ 

n-^-rv^^l Sbl^o Z^Ofz^, AlziGai-2iN 
T^^n^mi^;^-^ KB<7)?iSit^Z 1>Z 2 tbT 

[0 17 1] $e>tC. eftB4B^«^#^«igt-r^ 
10 Zt,\zi:^X. ct D<g;U^t/:ifiTii5ttl;bCDWfeP~if^ 

igO#FB*5J:rX/N*UTBtcJi I nNXlSl nGaN;^ 

(SQW) mm.. ^rf)v^>9 2^^:z,}\, {DQw:> m 

iS. h U >:^A^7a:;i/ (TQW) ;ifig, U > 

(GRIN) «iiX^i-^<7)irAl/-Kn>y r-f >^> 
K^T^PX h^^5^^- (SCH) 

[0 17 2] ClCDJg'&tC:feViTfe. II 2 C^^:^J-< KB 6 

it? Bf)^u~'^yt(Dm&\zMhrmm'v$>^:itf)m^i.\^^ 

CD^i. SJfSStl^^Tfe^o Sfc> ^2(7))t:^;-f KB6B 
5A 1 G aNtr<it:)?^|£bfc<i:^{C^aSr^^JS«ig43 
<ta^S8S»^^«^#^fc:86tc. ^lco3t:3tf^ KB5 

B. m2(D^^^^ KB 6 B*3ctZ/a56i^.^57^ 7 KB 7 
[0 17 3] 

®SSi;^^^l<7:)^^<t:B<t^2co*®frBa:orfl<?)|^® 

^vu<r%. m^\im.m^&miz^om^'^n^m< 

:/mmom^'^^'^mizf3i^rc!sb. xh^-rye<^«e::5 
[0 17 4] mz. m\^^:^y'^>^mmmf^ 

\zis^m^ri^zhii^^. i^^mz^X). j\^}^i^B>m 
mmmm^mmT^'m^m.^^>{:^^\zn'r^}f:y^T 

[0 17 5] ^tz.. fSliSSTl&f^-r^^^^l— 1fSM 
50 n>A^7 X^^^tr-r'^TO3t-?^X^>^0D 
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[0 17 6] m^m2(D^mz%^^mw^v-^mm\z 

[0177] 3 <D^m\zmi^ G a A 1 A s ^<^* 

m tc cfc o -nmm^T. v ^-r ':fmm\zm^'r^ z. ^iT^tT-^ 

^^^'r^r:Lit>0m^^3^y^>i/:^^'^m\zUO. Xh^ 

[0 17 8] m^m4--e(D^mizm^GaA \ Asm 

[0 17 9] »*:Ci7CO%5gtc^^GaAl As^cD^ 

mt<Dm(D:^m&i^i^mBi\z±^<'r^^tf)^'v^^<D 
T> 3 (D^mi^u-ifmm^^m^^'ommzmm 

[0180] 8-10 (D%m\zm^ G a a l a s 

^ y v^m h<om(D!^mim,^mB\z±^ kt^z. tti^x 
m^m3(D^^m^\^—^mm^^B:^^^mmizmm 
x^^^mz. m2<D^^^ ]^m\tis^m\z^D^m'^ 
n^v~^y6(D'^s\zML.xmmx$>^rc^s ©tt^iE 

mMt:^^z^&m'^it^m^z.Lf)i'c^:bo 
[0 18 1] m^mi icD%^tc«^sT#F:Pii^w 
T^mi^m^^t^G aA 1 A s ^(D^m^u—ifmmiz 

't^rzit><Dmi^^x.y^>iff)t:^m\z:^y). xh^^-i-fm 
[0 18 2] m^mi 2-1 4<D%mizm^m^^^m 



(20) #^¥8-8 3 9 5 4 

i&^^'T^S^m^^tSG a A 1 A s 1f 
tl^ 1/— tf)fe(^i^fitC*f LTigBJTfe^ t*tCS^#F 

[0 1 8 3] m^mi 5 (D^miz^^m^^^mm^^ 

-r^ffilSS^^trG a A 1 A s ^<7>^^frl/-if^etr 

10 ^^m^iz±^<'r^zihf>^'v^^<Dx. it^jsi i(D 
[0 1 8 4] m^mi 6-1 8(D^m\z^^mi^^:^m 

it^^-r-SS^tH^^t^GaA 1 As^CD4^^^t:l/— if 

setci^t. m2(D^:»^ vm\tiSitm\zjzD^m^ 
u—'^ye(DmSi\zMhxm^nx$>^tmzmi^^w 
mm^m-r^m^mcDmmz^kD. m^m7Bim\z:$6»^ 

[0 18 5] m^^mi 9(D^mizm^GaNm<D^mi^ 

t(Dm(Dm'm^^^^xs'm2(D%i3^ Y^mii^^y ym 
v^m^MWLVf^<x%n^mm(DW,2(D^i3^ \^m\z 

^'r^rzi6<Dm^^:^y^>iff)^^m\zf3:r). xh^-fT" 

[0186] 2 0-2 2 C^^HJtC^^ G a N»CD 

m^miB:miz:^n^^mf)^±\:^u^^<Dx. ^mi^u 

[0 18 7] »*:b2 3cD%m\zm^Ga.Nm<D^^mi^ 

(om(D^m^ffL^mm\z±^ <t^zl tf)^x^^cDx. 
40 m^m2 i(D^mw^v—^mm'^^Bti^^mmzm:'^x 

[0 18 8] mJ^m2 4-2 6cD%?gtC»^GaNISO 

v^m^(Dm(D^m^m^mmz±^<x^^<ox. m-^ 
m2 i(D^m^\^-^mM^^^fi^r:>mm\zmMX'^. 
^fc. w,2<D^i5^ Ym\'m^m\z^y)nm-^n^v— 
^^(Dm,mznvxmmx:&^fc^. m^mm:m\z^n 

^xs^m^it^m^ z. h^^x^^, 

50 [0189] m:^m 2 7 (D^miZ^^ G a lSim<D^mt^ 
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&^rcit>. is^m&m\z:i=^^f^^mfj^±ur^^^<D'X!. ¥ 

[0 19 0] W*:^2 8(7)5gP^tC«^G aN?^(Z)^«^^ 
[0 19 1] »*JB2 9CD^P^tC«^«^#^«ig^^ 

(o^i^'D^^^/i^'^Ku^hmz. mi^^i^mm^^T^ 
is^m<D^^\z^D. -^^izi&wjf^mmm^mmtxDm 

[0 19 2] m^ms 0 — 3 2CO5!0J('«^fi^#^ffl 

m2co^:y^ H^^^fi^^4g^c<±:D%ll$nsl/ 
ct r/^fi^^'f b ^ 0 ^ ;i ^ T ^ ^ c 
[0 19 3] s*:s3 3(D^m^zm^mi^^wmm^m 
-r^mi^m^^t^G 2iNm(D^mt^u—^^m\z^^ 

mm\zi<^<'r^z,^7^^-c^^(D'c. m:^m2 9o:)^m 

[0194] mis^m 34-36 (D^mizm^MT^wm 
m^m-r^iSiim^^tsG aN^<D^mi^u—^mm\z 
^^t. m2(Dyt:»'i }^mitm^m^z^D^m^ri^u 
-^^o)m^{zMV'cmm'v$>^tmz. mf-^wmm. 
^^'r^mi^m<D^mz^r)^ is^mmmiz^if^^m 

[0 19 5] mikms 7 o^mizm^m'f^^wmm^^ 
-t^m^m^^tsG aNm(D^mi^u-^mm\z^^ 
m:^m3 (Dmmhmm. m^rray^m^m^'T^ so 
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rcii><Dm^^j^^y^>if:^^^mizu^(D'c. xh^-^ifm 

is^m(D^mzi:D. ^^iz&mi^mM'vmmttcDm 

D\zmm'r^z.tf}^-c^^o -^^iz. f^2<Dyti}^ 
ttsttstri v^m'^n^\^-'^^<D^m\zMi.Tmm 

0, m^mi&m\zi^if^^m^^cy3:\^^(Dx. ^mt^u 

[0 19 6] m^^ms 8<D^m\zm^m^^wmm^m 
-r^«i4g*^trG a N^0^mi^u—^mmiz^^ 

mB\z:k^<'r^z,t:^ti^^^<D'X!. m^^37(D^^m 

^u-^mm^^^f)^rDmm\zmm'r?'^^. 
[0 19 7] »*^3 9<D%m\z%^^^mi^u-ifmm 
<Dmit:^mz^^h. mi(D^:f}^ }^m<D±\z^2<Dyt 

^mm^zx.y^-^^'r^rz^. mi(D^:»^ }^m<D±{z 
X h'y^:f^<Dm2(Dyti3'i }^m^m^'r^zhf)^'v 

^Tz. Gai-71 A 1ti As <fct9;*^^lco^:i?'l' F 
g:feci;lXGai-T2 A 1 ?2 A s ct D7S:^II2 (D^:S-f 
CD_LtC. Gai-T3 A l?3As<kD;^DtaiBGai-T2 A 1 
72 A s :feJ;^G ai-T3 A 1 ts A s (DA 1 A s M^ttCDY 

2 i^^ZfY 3 C7)KtCY 3>Y 2 c^M^^O^^ DiET^^t 5 tC 

-fmm^mzmmmmmm^m^z^n. ^^utzm 
—rs^m^E- v^m&^^^^mi^^u—'if^mmizmm'r^ 

[0 19 8] m^m4 o(D^mizm^^m^u-^mm 

•x.^^mxx\^^^fz^. 'mKD^ij'i }^m\z:i^n^i?'7 
y }^mtmLxi^'^:hmn(Dmmmizm^tm^^hmj^m 

3 9 <D^m\z^Dmin^^mi^u-^mm^mm\zm 

[0 19 9] m:^m4 KDmMiz^^^mi^V'-^mm 
(Dmm:^mz^^^i. ^ico>t:tf-r FH<7)±tcm2 0D^ 
]^m^mmhrzm. ^m2(7>^:w^ HMSxh^-f 
:fmj^iz:iiy^>if'r^rzifb. mi(Dyt:»'i \^m<D±\z 
X >^<^(7)^2cD>t:^f-f vm^m^T^^ti^^x 

I nGaNcfcD7S:^lll03t:tf-f H^^^^tO^ 

A 1 G aN^r^U^^2<Dyt:»^ }^m<D±\ZA 1 GaN 

Tf^^cDT. 7.v'^^^mm}H9\^\zmmmy\mmi}mm 
[0 2 0 0] rn^m^ 2<DmM\z%^^mw-v-^mn 
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[0 2 0 1] W^^4 3O5!0^tZ#^^#*^l/— if^e 

Sfc. A l2iGai-ziNckD?S:^mi(Z)^;?f-f 
:fei;lKA lz2Gai-z2NJ:0;^^m2cD^:y'< HBO_h 
JC. A 1 Z3 G ai-i3 Net O^ftDMtSA lz2Gai-z2N:fe 
^TSK 1 Z3 G ai-z3 NCD#G aNilSJtcoZ 2^cfci;;z 
3cDffifcZ 3>Z 2<r>m%i:l^^^'t^iiO\'Zi?=yv HB 

[0 2 0 2] m^^4 4<^^H^tC#^^«^^l^-if^M 

[1^1] :^mm(Dmimmm\z^^^m^u-^mm<D so 
[S2] mmmimmm\z^^^mi^u—^mm\z:ion 

^Xh^-i-fmmo^p^f^a^mM&m^M (An) cdISM 

;5¥«#:S«<7)A 1 A sigSittc*rr^SSK-«JE!|^14 
[0 4] t5E^l^iFSWI{C«^^#^^l/-1f^gtc43tt 

[|^ 5 ] 1 **S««J{C^^^^ft:l/-ifSBC0®ii 

[13 6] mmmimmm\zm^^m'^u-'^mm<Dm2 



[0 7] mm'mimmm\z%^^mwv-^mm\z^\-^ 

[08] *S!BJODm2^JfS0»JtC^^*«ffl/-1fggC[) 

[0 9] t^^(^^«#:^~1f^fi(^»fffi0Ta&^o 
[01 0] Se*CD^^#:l/-if^gCD»T®0Tfe^c 
[011] t^5fe<7)^»^l/-lf^BOf?f®0Tfe^o 
[01 2] l3e*CD^^#:U-1fggCD»T®0T&^o 

[01 3] mi^<D^m^v-^mn<D^mm'^h^o 

lA GaAsckO^^^n S co^«ft:Stg 

2 A G a A s ^0;^^nSCD/N*-;:7rS 

3A Gao.5 Alo.5 AscfcOTSt^n^CO^^^y FB 

4 A Gao.85 A lo. 15 A s cfcO^^fgli/i 

5A Gao.5 Alo.5 A s cfcO;^-5p^(7)^l(7)^;^ 

6A Gao.8 Alo.2 ^y}f^^Xim(Dm2(D^11 

7A Gao.5 Alo.5 ASctO^ft^p^C^Sfeii^^ 
8 A GaAScl:D;^^p5!(Dn>^'i7 

IB it:7T'l''¥<tD;^c^S« 

2B GaNi;f3 7S:^A-;:7T^ 

3B A 1 GaNctD^^^n^cO^^u/ Y^M 

4B I nGaNcfcOJ^-Sfiftt^ 

5B A 1 GaN<tO;^^p^cD^lCD3t;^< 

6B A 1 GaNJ:f9;^^p^om2 0D^:^'f Fl 

7B A 1 GaNctt):^^p^coa8?)ii^^^-/F@ 

8 B G ail<l^r^U^v>m(DZJ>^ ^ 

9 G a Net 0 ?i -511^(0112 on >^^:J7 hM 
1 1 GaAs J:0;^^nSco^^^SK 

12 GaA 1 A s ^yyU^nmo^ ^ y FS 

13 GaA 1 AScfcOTSi^ffittS 

14 GaA 1 As J:0?^^p^<Z>^l<Z>i7^-/ FB 

15a XF^-Y:/®^ 

1 6 A GaAl As J:D;^^pS!c7)^2cDi$7^o/FB 
1 6B GaA 1 As J:0;^^p^O^7^-; FB 

1 7 GaAs J:D;^^p^<Da>^^5^ FB 

18 gslAs ^r)u^Dm(D^'^yzfm 

1 9 ^«#:|^ 

2 0 a56i2.^ii5fitaB 

2 1 m^mmmm 

2 2 GaA 1 As ckD:^^nM<D5t:j?-f FB 
2 3 GaA 1 AScfcD?S:^nMcDmSi£7^D-/^B 
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